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the  wounded  soldier  is  the  foimdation  of  military  medical  care. 
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Foreword 


Army  occupational  health  came  into  being  during  World  War  I  to  protect 
our  soldiers  and  civilian  workers  against  the  adverse  effects  of  warfare 
chemicals  that  were  being  produced,  stored,  transported,  and  used  on  the 
battlefield.  During  World  War  11,  army  occupational  health  services  became 
even  more  critical.  These  assets  were  absolutely  essential  for  victory.  Our 
civilian  workforce  had  to  perform  consistently  at  maximum  efficiency  for  our 
industrial  base  to  keep  pace  with  our  ad''ancing  armies.  Absenteeism  as  a 
result  of  workplace  exposures  was  intolerable.  Additionally,  soldier  health 
and  performance  could  not  be  degraded  by  potentially  harmful  stressors  like 
toxic  gases  in  tanks. 

More  recently,  during  Operation  Deseit  Storm  in  1991,  our  troops  used 
extremely  techidcal  vehicles  and  equipment  and  they  performed  in  an  out¬ 
standing  fashion.  The  army  occupational  health  team  played  a  major  role  in 
that  victory.  During  the  decade  of  the  1980s  they  had  worked  diligently  to 
improve  the  soldier-machine  interface  and  to  identify,  eliminate,  or  control 
the  stressors  that  might  injure  our  troops  or  detract  from  their  ability  to  fight 
and  survive  on  the  battlefreld. 

As  we  move  into  the  21st  century,  we  must  emphasize  the  practice  of 
occupational  medicine  for  all  healthcare  providers  in  the  U.S.  Army  Medical 
Department.  The  army  of  the  future,  where  soldiers  will  be  required  to  use 
highly  sophisticated  and  extremely  powerful  machines  properly  while  also 
tolerating  the  stresses  of  battle,  requires  that  occupational  medicine  be  a  core 
comp>onent  of  military  medicine.  As  the  numbers  of  soldiers  and  civilians  are 
reduced,  we  must  make  every  effort  to  ensure  that  ic.idiness  is  not  compro¬ 
mised  because  workplace  exposures  are  adversely  affecting  our  people.  Ev¬ 
eryone  in  the  Army  Medical  Department  must  be  alert  to  the  possibility  that 
an  illness  or  injury  may  be  job  related,  and  if  it  is,  take  steps  to  ensure  that  the 
harmful  exposure  is  controlled. 

This  volume  will  be  extremely  useful  to  our  active,  reserve,  national  guard, 
and  civilian  components,  and  to  contraaors,  both  as  an  instructional  text  and 
as  a  reference.  Every  person  in  the  Aimy  Medical  Department  should  know 
about  this  volumeso  that  it  may  beused  to  support  our  most  valuable  resource, 
our  people. 

Lieutenant  General  Alcide  M.  LaNoue 
The  Surgeon  General 
U5.  Army 

September  1993 
Washington,  D.C. 


Preface 


A  decide  ago,  as  Commander  of  the  Army's  Training  and  Doctrine  Com¬ 
mand  (TRADOC),  General  Carl  Vuono  tasked  his  command  to  ensure  that  no 
United  States  Army  soldier  would  lose  life  or  limb  because  of  improper  or 
insufficient  training.  Indeed,  during  that  decade,  the  army  experienced  a 
revitalized  and  concentrated  emphasis  on  training  in  all  TRADOC  schools. 
Ourscldiers  became  the  most  highly  skilled  and  trained  warriors  in  the  world. 
However,  despite  the  dramatic  increase  in  the  soldier’s  familiarity  with  the 
proper  use  and  capabilities  of  his  equipment,  the  soldier's  workplace  and 
environment  present  significant  threats  that  still  exist  and  endanger  each  one 
of  our  servicemen  and  -women. 

For  the  soldier,  sailor,  marine,  and  airman,  the  workplace  may  be  a  tank,  a 
submarine,  a  missile  silo,  or  a  garrison  motor  pool.  In  the  more  traditional 
industrial  setting,  like  the  motor  pool,  the  principles  and  practice  of  occupa¬ 
tional  medicine  are  the  same  for  both  civilian  workers  and  soldiers.  As  our 
civilian  and  uniformed  workers  come  into  contact  with  more  sophisticated 
military  machines  and  complex  hazards,  military  occupational  specialists  face 
a  critical  challenge.  We  must  ensure  that  our  soldiers  do  not  suffer  serious 
adverse  effects  as  a  result  of  military  service  and  that  they  are  afforded  the 
opporturuty  to  perfomal  maximum  efficiency.  This  means  that  every  medical 
practitioner  seeing  our  employees  as  patients  must  be  able  to  recognize  and 
know  how  to  deal  with  the  h^Ith  hazards  of  both  the  installation  industrial 
setting  and  the  hazards  of  the  militarily  unique  setting. 

This  is  the  first  textbook  totally  dedicated  to  the  practice  of  oaTipational 
medicine  within  the  U.&  Amty.  Many  of  these  unfortunate  incidents  occur 
because  the  t>'pical  medical  practitioner  is  not  sufficiently  aware  of  the 
potential  hazard,  or  the  preventive  measures  that  can  be  taken  to  avoid  the 
hazard,  to  inform  decision  makers,  leaders,  supervisors,  and  the  soldiers 
themselves  about  the  potential  illnesses  and  injuries  that  may  occur  and  about 
ihe  means  to  prevent  these  illnesses  and  injuries. 

•t  is  my  hope  that  you  will  find  this  volume  of  the  Textbook  of  Military 
Medicine  series  usefuland  that  it  will  contribute  to  the  reduction  of  injuriesdue 
to  occupational  health  hazards.  This  volume  became  a  reality  due  to  the 
commitment  and  hard  workofColonelJoelCGaydosand  Lieutenant  Colonel 
David  P.  Deeter.  Additionally,  the  editors  gratefully  acknowledge  the  as.sis- 
iance  in  the  preparation  of  ffiis  volume  of  Ms.  Barbara  Weyandt  and  Dr. 
Melissa  McDiaimid. 


Brigadier  General  Russ  Zajtchuk 
US  Army 


September  1993 
Washington,  D.C. 


The  current  medical  system  to  support  the  US.  Army  at  war  is  a 
continuum  ftom  the  forward  line  of  troops  through  the  continental 
United  States;  it  serves  as  a  primary  source  of  trained  replacements 
duringtheearlystagesofamajorconflict  The  system  is  designed  to 
optimize  the  return  to  duty  of  the  maximum  number  of  trained 
combat  soldiers  at  the  lowest  possible  level.  Far-forward  stabiliza¬ 
tion  helps  to  maintain  the  physiology  of  injured  soldiers  who  are 
unlikely  to  return  to  duty  and  allows  for  their  rapid  evacuation  from 
the  batdefield  without  needless  sacrifice  of  life  or  function. 
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INTRODUCTION 


Occupational  healthappliesthedisdplinesofmedi* 
cine,  biology,  epidemiology,  engineering,  economics, 
education,  politics,  and  fte  law  to  protect  workers 
from  hazards  in  the  workplace'  The  army's  occupa¬ 
tional  health  effort,  theU3.ArmyOccupationalHe<dth 
Program,  has  a  set  of  defined  goals  and  objectives  and 
is  accompanied  by  a  plan  and  the  resources  necessary 
to  achieve  success. 

Diseases  and  the  injuries  associated  with  produc¬ 
tive  labor  accompany  human  history.  Pliny  the  Elder 
(AD23-70),a  Roman  scholar,  recommended  that  work¬ 
ers  wear  masks  to  prevent  inhaling  dust  and  fumes. 
Georgius  Agricola  (1494-1553),  a  (German  physiciari, 
wrote  a  classic  volume  describing  the  diseases  and 
accidents  that  befall  nainers  and  ways  to  prevent  those 
diseases.  The  father  of  occupationai  medicine,  Bernar¬ 
dino  Ramazzini  (1633-1714),  studied  and  practiced  in 
Italy.  His  treatise  on  working  conditions  and  occupa¬ 
tional  diseases  included  diseases  of  military  service 
(Dc  Morins  Oistrensibus)  and  cautions,  or  preventive 
measures.  Ramazzini  iscreditedvnth  formulating  the 
question  thatmustbeasked  aboutevery  patient:  "TVljat 
occupation  does  he  follow?"^'* 

The  long-standing  interest  in  Europe  in  workers' 
health  had  no  parallel  in  the  United  States.  Massachu¬ 
setts  created  this  country's  first  factory-inspection  <rf- 
fice  in  1867,  and  the  Knights  of  Labor,  a  labor  group 
formed  later  during  the  19ih  century,  fought  for  healUr 
and  safety  measures  in  mining  and  other  industries. 
Notewor^y  achievements,  howe\'er,  were  fcw.“  Alice 


Hamilton,  M.D.  (1869-1970),  the  pioneer  who  estab¬ 
lished  occupational  health  as  a  specialty  in  medicine, 
described  early  20th-century  conditions  (figure  1-1): 

American  medical  authorities  had  never  taken  indus¬ 
trial  diseases  seriously,  the  American  Medical  Asso¬ 
ciation  has  never  held  a  meeting  on  the  subject,  and 
while  European  joumak  were  fill  of  articles  on  in¬ 
dustrial  poisoning,  the  number  published  in  Ameri¬ 
can  medical  journals  up  to  1910  could  be  counted  on 
one's  fingers. 

Fora  surgeon  or  physidan  to  accept  a  position  with  a 
manufr  cturing  company  was  to  earn  the  contempt  of 
his  colleagues  as  a  "contract  doctor";  as  for  factory 
inspection  and  control,  we  never  discovered  a  traceof 
it. 

This  ignorance  and  indifference  was  not  confined  to 
them^ical  profession — employers  and  workers  both 
shared  it  The  employers  could,  if  they  wished,  shut 
their  eyes  to  the  dangers  their  workmen  faced,  for 
nobody  held  them  responsible,  while  the  workers 
accepted  the  risks  with  fatalistic  submissiveness  as 
part  of  the  price  one  must  pay  for  being  poor.*'”'’^’ 

The  development  of  the  US.  Army  Occupational 
Health  Program  and  the  civilian  occupafiottal  health 
movement  were  closely  related.  Military  program 
efforts  were  directed  primarily  at  (a)  the  arm/s  civil¬ 
ian  worker  in  the  industrial  setting,  (b)  the  soldier  in 
theindustrialsetting,and  (c)  thesoldier  with  militarily 
unique  exposures. 


THE  dVIUAN  WORKER  IN  WORLD  WAR  I 


US.  Army  Medical  DejMrtment  (AMEDD)  involve¬ 
ment  with  dviliaivemployee  health  programs  began 
during  World  War  1  b^use  poisonous  military 
chemicals  were  being  produced  arid  used  on  the  battle¬ 
field.^^  After  the  Go^n  army  launched  an  effective 
chlorincgasattackagainst  Frcn^atKl  Canadian  troops 
in  1915,  army  medical  officers  were  assigrtcd  to  the 
British  and  French  armies  as  gas  warfare  oteervers  aixl 
reported  their  observatiottsongasdefense  Asa  result  of 
the  army's  concern  about  gas  defense,  and  possibly 
related  to  the  observers'  reports,  AMEDD  was  as¬ 
signed  the  mission  to  furnish  gas  masks  and  other 
gas-defense  equipment  to  the  army.  Later,  this  mis¬ 
sion  was  transfen^  to  theChemicai  Warfare  Service.’'” 


Gas  Production  and  Gas  Protection  Plants 

<3as-defense  equipment  was  procured  under  con¬ 
tract,  but  the  Uij.  Army's  Office  of  The  Surgeon  Gen¬ 
eral  (OTSG)  had  to  buUd  and  supervise  its  own  plant 
to  manufricture  items  that  were  not  available  commer¬ 
cially.  Todevelcpaiuitestproceduresforgasdefense, 
some  AMEDD  personnel  participated  in  experiments 
and  trainingexerrises  thatdealt  with  the useof  poison¬ 
ous  gases  in  warfare.  The  OTSG  quickly  became 
convirKed  that  all  soldiers  and  civilian  workers  who 
might  be  exposed  to  poisonous  gas  in  any  setting, 
including  gas  factories,  must  be  provided  protection 
and  medical  care.  Lacking  expertise  in  providing 
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Fig.  1-1.  Dr.  Alice  Hamilton  was  so  impressed  by  the  morbidity  and  mortality  associated  with  occupational  exposures  that 
shedevoled  herprofcssional  life  !o  the  practiceof  occupational  medicine.  This  occurred  at  a  time  whOT  American  physicians 
knew  nothing  about  this  field  or  showed  little  interest  in  it.  Dr.  Hamilton  was  also  a  pioneer  in  other  respects.  After  she 
received  her  M.D.  degree  in  1893  from  the  University  of  Michigan,  she  studied  in  Europe  and  at  The  Johns  Hopkins 
University  in  Maryland;  taught  pathology  at  the  Woman's  Medical  School,  Northwestern  University,  in  Chicago;  and  in  1919 
became  the  first  woman  faculty  member  at  Harvard  University.  Photograph;  Reprinted  from  United  States  Public  Health 
Service.  Man,  Medicine,  and  Work.  Washington,  DC:  USPHS;  1964.  Publication  1044. 
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protection  against  war  gases,  the  OTSG  obtained  as¬ 
sistance  from  the  U.S.  Bureau  of  Mines  (Department  of 
the  Interior),  several  major  universities,  and  the  Marine 
Biological  Laboratory  at  Woods  Hole,  Massachusetts. 
A  collaborative  program  with  the  Bureau  of  Mines  for 
supervising  the  sanitary  supervision  (health  and  safety 
evaluations)  of  government-  and  contractor-operated 
gas  factories  resulted  from  this  effort."’" 

Munitions  Industries 

Because  American  manufacturers  had  previously 
relied  heavily  on  the  German  chemical  industry,  they 
lacked  experience  in  producing  (and  protecting  their 
workers  against)  not  only  chemical  warfare  agents  but 
also  many  of  the  other  chemicals  needed  for  wartime 
use.  Additionally,  even  though  American  manufac¬ 
turers  were  concerned  about  preventing  explosions  in 
their  plants,  they  had  no  interest  in  the  toxicity  of 
industrial  chemicals,  particularly  unfamiliar  ones  like 
picric  acid  and  trinitrotoluene  (TNT). 


The  first  beehive  coke  ovens  in  the  United  States 
were  built  in  southwestern  Pennsylvania  in  1841  to 
produce  coke  from  coal  for  iron  and  steel  production 
(figure  1-2).’*  During  the  early  years  of  World  War  I, 
American  industries,  especially  those  dealing  with 
coke  by-products,  had  to  reconfigure  to  produce  dyes, 
aniline  (needed  to  make  dyes  and  rubber),  and  nitric 
acid  (needed  to  make  munitions).  Dr.  Hamilton,  work¬ 
ing  for  the  Department  of  Labor,  conducted  inspec¬ 
tions  of  these  factories.*  Sometimes  canaries  (workers 
stained  yellow  with  picric  acid)  led  her  to  the  plants;  at 
other  times  she  located  the  iiulustrial  sites 

by  the  great  clouds  of  yellow  and  orange  fumes, 
nitrous  gases,  which  in  those  daysof  crude  procedure 
rose  to  the  sky  from  picric-acid  and  nitrocellulose 
plants.  It  was  like  the  pillar  of  cloud  by  day  that 
guided  the  children  of  Israel.*''”**’ 

Both  Dr.  Hamilton  and  army  sources  document 
occupational  exposures  in  the  munitions  industry  as 
causes  of  morbidity  and  mortality.*'*^  In  a  191 7  report. 


Fig.  1-2.  The  first  beehive  ovens  in  the  United  States  were  built  in  southwestern  Pennsylvania  in  1841  to  produce  coke  from 
coal  for  iron  and  steel  production.  Near  the  turn  of  the  century,  spurred  by  the  loss  of  products  from  the  German  chemical 
industry  during  World  War  I,  American  industrialists  began  to  seek  better  ways  to  make  coke  and  to  capture  the  chemicals 
necessary  for  manufacturing  explosives  and  other  synthetic  materials.  However,  the  severe  air  pollution  associated  with 
beehive  coke  ovens  continued  into  the  .second  half  of  the  20th  century.  Source:  Hamilton  A.  Exploring  the  Dangerous  Trades, 
the  Autobiography  of  Alice  Hamilton,  M.D.  Boston:  Little,  Brown  and  Co;  1943.  Photograph:  Reprinted  %vith  permission  from 
Gates  JK.  The  Beehive  Coke  Years:  A  Pictorial  History  of  Those  Times.  Uniontown,  Pa:  John  K.  Cates;  1990. 
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Dr.  Hamilton  identified  2,432  instances  of  occupa¬ 
tional  poisoning.  Oxides  of  nitrogen  accounted  for 
1,389  cases,  and  28  of  53  deaths.  TNT  exposure  was 
considered  to  be  the  cause  of  660  illnesses  and  13 
deaths.*"  Similarly,  army  sources  reported  a  total  of  475 
fatalities— all  or  nearly  all  civilians,  presumably  due  to 
occupational  diseases — ft-om  exposure  to  TOT  and 
related  compounds  during  World  War  I.’’  According 
to  the  chief  of  ordnance,  factories  in  the  United  States, 
which  produced  40%  of  the  military  explosives  used 
by  the  allies  during  World  War  I,  reported  a  ratio  of  230 
fatalities  (presumably  due  to  occupational  diseases) 
per  billion  pounds  of  explosives  nxanufactured.'^ 

Dr.  Hamilton  considered  poisoning  from  oxides  of 
nitrogen  to  be  an  engineering  problem,  which  the 
manufacturers  addressed  effectively  over  time,  but 
preventing  TOT  poisoning  was  more  difficult  because 
this  hazard  either  was  not  recognized  or  simply  was 
neglected.  In  England,  medical  scientists  determiived 
that  TNT  was  absorbed  through  the  skin  and  manufac¬ 
turers  addressed  the  need  for  plant  cleanliness  and 


personal  cleanliness,  including  showers  at  the  work¬ 
site  and  washable  work  clothing,  to  reduce  the  poten¬ 
tial  tor  skin  contact  and  accidental  ingestion.  Uiifortu- 
nately,  American  manufecturers  did  rK)t  Furtheimoie, 
a  wealth  of  clinical  information  concerning  TOT  poi¬ 
soning  had  been  accumulated  in  England,  but  Ameri¬ 
can  physicians  did  not  know  what  to  look  for,  vrete 
indifferent,  or  were  secretive.* 

Dr.  Hamilton's  attacks  on  the  explosives  industry 
resulted  in  (a)  the  Natiorral  Research  Council's  (NEC's) 
appointing  an  expert  comnuttee  to  act  as  a  consulta¬ 
tive  body  and  (W  her  working  to  establish  a  code  to 
protect  TOT  workers.  Eventually,  the  expert  commit¬ 
tee  made  it  possible  for  medical  students  to  visit  TOT 
plants  to  study  exposures  and  poisonings.  In  April 
1919, 5  months  after  the  armistice,  a  code  was  pub¬ 
lished.  However,  not  only  was  it  weaker  Ujan  the 
English  code,  it  was  also  voluntary.* 

Although  Dr.  Hamilton  wasa  padfistshe acknowl¬ 
edged  that  occupational  health  in  America  advanced 
as  a  result  of  World  War  I: 


Rg.  1-3.  This  April  1942  photograph  from  the  US.  Army  Ordnance  Department  shows  workers  measuring  smokeless 
powder,  which  contains  a  nitrate  or  nitroglycerin  compound,  and  pouring  the  powder  into  bags,  which  will  later  be  used 
to  propel  projectiles  from  guns  or  cannons.  Although  tlte  dangers  of  skin  absorption  in  the  munitions  industry  and  the  need 
for  washable  work  clothing  were  recognized  in  the  World  War  I  era,  these  early-World  War  il  workers  labored  in  street 
clothes  without  any  evidence  of  concern  about  skin  contact  with  the  powder.  Source;  Hamilton  A.  Exploring  the  Dangerous 
Trades,  the  Autobiography  of  Alice  Hamilton.  M.D.  Boston:  Little,  Brown  and  Co;  1943.  Photograph:  US.  Army  Ordjtance 
Department,  1942. 
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The  war  did  have  a  benehcial  influence  on  industrial 
hygiene.  If  it  increased  the  dangers  in  American 
industry,  it  also  aroused  the  interest  of  physicians  in 
industrial  poisons.  And  that  interest  has  never  died 
down,  on  the  contrary  it  has  increased  with  the  in¬ 
creasing  complexity  of  methods  of  manufacture.  A 
change  took  place  also  in  the  attitude  of  employ¬ 
ers,  for  a  large  labor  turnover  was  found  to  be  not 
only  wasteful  but  an  unsatisfactory  method  of  deal¬ 
ing  with  dangerous  processes  in  industry.  The 
Public  Health  Service  had  entered  this  field  dur¬ 
ing  the  war  and  the  medical  jourtrals  had  published 
articles  discussing  the  action  of  the  new  poisons  and 


various  methods  of  preventing  danger  from  the  old 
ones.  Industrial  medicine  had  at  last  become 
respectable.**’”’*’ 

When  World  War  I  ended,  the  medical  division  of 
the  Chemical  Warfare  Service  continued  to  do  toxico¬ 
logical  research  and  to  develop  treatments  for  chemi¬ 
cal  casualties."  However,  the  army's  interest  in  the 
health  of  its  civilian  employees  all  but  disappeared 
(Rgure  1-3),  and  when  war  recurred,  the  army  would 
again  turn  to  the  civilian  community  to  meet  its 
occupational  health  requirements.*  ’’"'* 


THE  CIVILIAN  WORKER  IN  WORLD  WAR  II 


During  the  1930s,  first  aid  was  the  only  occupa¬ 
tional  health  service  available  to  civilian  employees  of 
government-owned  industrial  plants.  Part-time  con¬ 
tract  surgeons,  nurses,  and  eiilisted  personnel  pro¬ 
vided  this  care  whenever  the  War  Department  (which 
would  later  become  the  Department  of  the  Army  (DA]) 
recognized  that  a  need  existed.  This  changed  on  10 
August  1938,  when  the  chief  of  ordnance  requested 
that  additional  medical  services  be  made  available  to 
employees  of  the  army  who  were  engaged  in  poten¬ 
tially  hazardous  jobs— particularly  those  handling 
TNT.  He  recognized  that  the  army  had  a  legal  respon¬ 
sibility  to  providediagnosticandpreventivemeasures 
for  occupational  illnesses.  The  surgeon  general  knew 
of  no  requirement  for  AMEDD  to  furnish  these  ser¬ 
vices,  but  recommended  that  the  matter  be  referred  to 
higher  authority.  As  a  result,  the  adjutant  general 
arranged  for  additional  pay  for  contract  surgeons  to 
perform  periodic  physical  examinations  on  civilian 
employees  with  potentially  hazardous  exposures.”  It 
is  interesting  to  note  that  it  was  the  chief  of  ordnance, 
and  not  AMEDD,  who  led  the  effort  to  initiate  prevent¬ 
ive  medical  services  for  the  army's  civilian  employees. 

The  Amy's  Responsibility  for  Employee  Health 

Between  1939  and  1940,  the  Ordnance  Department 
expanded  itsactivitiesand  continued  to  place  pressure 
on  thesurgeon  general  to  confront  occupatiotral  health 
issues.  The  questions:  Who  should  receive  occupa¬ 
tional  health  services?;  How  should  the  services  be 
implemented?;  and  How  should  the  needed  profes- 
siorral  expertise  be  obtained?  were  discussed  repeat¬ 
edly.  On  18  November  1940,  the  surgeon  general 
assumed  responsibility  for  the  medical  care  of  civilian 
employees,  but  only  for  those  who  worked  at  Ord¬ 
nance  Department  arsenals.  However,  herealized  that 
other  technical  services,  like  the  (Quartermaster 


Corps,  also  were  expanding  and  had  similar  needs. 
(The  identification  and  defmition  of  these  occupa¬ 
tional  health  needs  were  accomplished,  at  least  in 
part,  through  site  visits  and  insp^ons  in  which  the 
US.  Public  Health  Service  lUSPHS]  played  a  major 
role.)  In  September  1941,  the  army  surgeon  general 
requested  authority  to  establish  an  armywide  indus¬ 
trial  medical  program.  Theadjutantgeneral  responded 
in  January  1942 by  directing  AMEDD  to  provide  emer¬ 
gency  treatment  for  military  and  civilian  workers  and 
to  supervise  industrial  hygiene  practices,  but  only  in 
army-operated  industrial  plants  (Rgure  1-4).  Provi¬ 
sions  were  made  for  space,  equipment,  money,  and 
personnel  to  support  the  effort” 

The  participants  in  an  industrial  medical  confer¬ 
ence  in  August  1942  estimated  that  the  army  owned 
and  operated  more  than  160  industrial  plants  that 
employedapproximately400,000civilians.  Thearmy's 
stated  responsibility  to  this  work  force  was  to  deter¬ 
mine  that  (fl)  employees  are  physically  fit  for  their 
work,  (W  the  conditions  under  which  employees  work 
are  safe  and  sanitary,  (c)  adequate  industrial  medical 
ser\uce  is  provided,  and  (d)  injuries  that  occur  to  em¬ 
ployees  while  they  are  on  duty  are  reported  to  the  U5. 
Empkyeesf'(3bmpetrsation(Ix)mtiussiun,whenitKlicated.” 

Expanding  the  Industrial  Medical  Program 

The  surgeon  general  was  under  constant  pressure 
to  expand  the  industrial  medical  program  to  etKom- 
pass  all  War  Department  employees,  not  just  those  at 
industrial  installations.  He  resisted  due  to  a  lack  of 
funds  and  trained  personnel.  In  December  1942,  he 
established  a  medical  program  for  the  approximately 
40,000 civilianemployees—whoseduties  were  primar¬ 
ily  clerical— at  the  Pentagon.  (This  reduced  the  ab¬ 
sences  from  work  that  occurred  when  employees 
needed  to  visit  their  personal  physicians.)  Eventually, 
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rig.  1-4.  Thi!'  pluiUigr.iph  of  an  18  yoar-olci  woman  ofUTatinga  lathe,  with  a  eaption  stating  that  the  "cliipsare  flying,"  was 
pi  nidly  releasi'd  by  the  L  .S.  Army  Ordnance  Department  in  May  1*142  as  an  evample  of  a  woman  operating  a  machine  that 
hao  preciously  bec-n  operated  by  a  man  The  photograph  itself,  its  onginal  caption,  and  the  fact  that  they  were  released 
demi  nstrate  that  recognition  of  the  ncx-d  for  industrial  he  giene  controls  such  asey  e  protevtion  was  lacking.  In  I.Muary  1142, 
the  adjutant  genera!  direi  tc-d  the  Army  Mcxtical  Dep.irtmcnt  (AMEDD)  to  siipc-rc  ise  industrial  hygiene  practice's  in  army 
opc'ralc*d  industrial  plants.Snirce.  Anderson  RS,ed. Special  fields.  In.  /Vc.rii/ici  ,\lii/ii  iiii  iii  IVer/./  IViir  II.  VoU.  Washingtim, 
IJC:  DA  Office  of  The  Surgeon  General;  1161.  Photograph:  US  Army  Signal  Corps,  1142. 


in  June  1145,  emergency  medical  treatment  sere  ices 
were  expandc-d  and  made  available  to  all  civilian 
employees  of  all  U-S.  Army  Service  Forces  installa¬ 
tions.  (This  was  one  of  the  three  major  commands;  the 
other  two  were  the  U.S.  Army  Air  Force  and  the  U.5. 
Army  Ground  Forces,  and  included  corps  areas  and 
technical  supply  service's.)' ' 

Special  Considerations  for  Pregnancy 

By  1144,  women  constitute'd  40*4  to  701  of  the 
emplovct's  in  many  army  industrial  plants.  The  num¬ 
ber  of  women  in  the  work  foicehad  not  only  increased 
during  the  war  years  but  their  job  assignments  al.so 
inciudc'd  most  types  of  ivork.  W  omen  werestnin  gi\  en 
spt'cial  consideration  for  medical  serx  ices.  In  July 
1144,  a  War  Department  policy  statement  on  preg¬ 
nancy  was  issutxl  and  was  considered  to  K'  the  first  eif 
its  kind  in  American  industry.  This  policy,  which 
commanders  considert'fj  a  major  advance  in  employev 
relations,  (<i)  limited  the  wx'rk  periiul  relativ e  to  wcx'ks 
of  prc'gnancy  and  the  postpartum  pi'riod,(/i)  ret]uired 


that  the  job  assignment  not  endanger  the  employee's 
health,  and  (t )  ensurexi  that  job  seniority  w  ould  not  be 
lost  as  a  result  of  pregnancy." 

Special  Considerations  for  Infectious  Diseases 

In  addition  to  medical  si'rvices  involving  women, 
infectious  diseases  were  also  given  spc'cia!  consider¬ 
ation.  TuK'rculosis  and  venereal  diseases  in  civilian 
employees  were  matters  of  conc-em.  At  no  cost  to  the 
army,  the  USPl  IS  conducted  tuberculosis  surveys  and 
case  findingamong  workersof  army -ownc'd  and  army 
operated  industrial  plants. 

Workers  exptised  to  TNT  or  other  chemicals  that 
might  cause  systemic  illnc's.ses  rc'ceivc'd  routine  sc'ro- 
logiial  tc'sls.  However,  these  weie  rexjuirexJ  only  for 
emplovcx's  w  ho  had  been  hired  for  jobs  that  might 
jeopardize  their  health  if  they  had,  or  were  being 
Ireatc-d  for,  syphilis."  (Btxause  syphilis  w.-ts  treatixl 
with  arsenicals  that  could  iniure  multiple  organs,  the 
concern  w.is  that  the  patient  would  sustain  multiple 
toxicities.) 
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Special  Considerations  for  Occupational  Health 
Overseas 

Interest  in  and  debate  regarding  American  and 
foreign-national  civilians  working  for  the  U.S.  Army 
overseas  centered  on  the  army's  need  to  do  pre- 
employment  and  preassignment  medical  screening 
and  the  rights  of  these  employees  to  receive  emer¬ 
gency  medical  care  and  compensation  for  job-related 
injuries  and  illnesses.  There  was  particular  concern 
alx)ut  hiring  large  numbers  of  foreign  nationals  with¬ 
out  evaluating  their  health  status,  especially  if  they 
might  have  communicable  diseases.  Although  over¬ 
seas  civilian-employee  medical  programs  received 
considerable  discussion,  better  programs  should  and 
could  have  been  established.  The  Occupational  Health 
Division  of  the  OTSG,  in  evaluating  the  World  War  II- 
overseas  programs,  recommended  that 

the  basic  plan  for  future  operations  in  foreign  areas 
ought  to  include  more  competent  mearts  of  medical 
and  engineering  control  of  industrial  operations 
wherever  troops  are  so  engaged  and  civilian  employ¬ 
ees  assist  them.”''''*' 

Ironically,  however,  the  first  U5.  Army  Occupational 
Medicine  Consultant  in  Europe  (discussed  later  in  this 
chapter)  was  not  assigned  until  1983. 

Oiganizational  Advances  in  Providing 
Occupational  Health  Services 

The  army  made  significant  advances  in  occupa¬ 
tional  health  in  several  other  areas  during  World  War 
II:  (a)  occupational  health  representation  in  the  OTSG 
was  firmly  established,  (W  the  U.S.  Army  Environ¬ 
mental  Hygiene  Agency  (USAEHA)  was  founded, 
and  (c)  progress  was  made  in  the  effort  to  protect  the 
health  of  workers  in  munitions  and  other  wartime 
industries. 

Representation  in  the  US.AmnfSut^geon  General's  Office 

Recognition  that  occupational  health  needed  to  be 
represented  in  theOTSG  resulted  in  the  1941  establish¬ 
ment  of  the  Industrial  Hygiene  Section  of  the  Preven¬ 
tive  Medicine  Division.  In  1942,  a  separate  Occupa¬ 
tional  Health  Kvision  was  formed  and  headed  by 
Lieutenant  Colonel  Anthony  ].  Lanza,  who  developed 
a  15-point  plan  for  implementing  the  army's  Occupa¬ 
tional  Health  Program.  Many  of  his  original  points 
remain  appropriate  today: 

•  Worksites  with  potentially  hazardous  expo¬ 
sures  should  be  evaluated,  and  a  continuing 


program  of  inspection  and  control  should  be 
inaugurated. 

•  Records  should  be  standardized  and  should 
include  physical  examinations,  morbidity  re¬ 
ports,  and  reports  of  absenteeism. 

•  Records  of  mortality  and  absenteeism  should 
be  compiled  and  compared  for  all  plants. 

•  Surveys  and  inspections  should  be  conducted, 
not  only  to  determine  performance  and  com¬ 
pliance  but  also  to  educate  civilian  and  mili¬ 
tary  plant  medical  officers,  plant  officials,  and 
workers. 

•  Health-education  programs  for  employees 
should  be  encouraged.'^ 

Although  his  plan  eventually  succeeded.  Dr.  Lanza 
raced  inadequate  resources  including  a  shortage  of 
doctors  and  the  lack  of  a  policy  regarding  the  practice 
of  occupational  health  in  the  army.  As  its  number  of 
industrial  employees  rapidly  increased,  the  army  com¬ 
missioned  physicians  with  experience  in  industrial 
medicine  in  private  life.  However,  establishing  an 
occupational  medicine  training  program  for  regular 
AMEDD  officers  was  consider^  too  time  consuming. 
Those  available  physicians  who  had  training  in  gen¬ 
eral  public  health  w’ere  given  duty  as  industrial  medi¬ 
cal  officers,  but  a  shortage  of  physicians  still  necessi¬ 
tated  that  contract  surgeons  be  us^.'^  Because  trained 
physicians  were  few  and  policy  was  undeveloped, 
numerous  questions  were  directed  to  the  Occupa¬ 
tional  Health  Division,  U.S.  Army  Surgeon  General's 
Office.  At  times,  these  inquiries  showed  that  some 
army  industrial  medical  officers  simply  were  not  fa¬ 
miliar  with  thestandard  practiceof  occupational  medi¬ 
cine.  In  other  instances,  where  the  physicians  were 
adequately  trained  and  competent,  the  questions 
indicated  their  difficulty  in  dealing  with  the  army 
system.  Dr.  Lanza  realized  that  both  a  carefully  devel¬ 
oped  occupational  health  directive  and  the  guidance 
necessary  to  implement  the  directive  were  needed.  He 
knew  that  a  document  from  the  OTSG  could  possibly 
be  more  harmful  than  helpful.  Policy  that  is  not 
developed  on  the  basis  of  current,  accurate  data  may 
create  unnecessary  work,  not  achieve  needed  goals,  or 
result  in  misclassification  of  priorities.  Therefore,  staff 
visits  to  installations  became  important  vehicles  for 
acquiring  data  upon  which  to  base  policy,  establish 
prionties,  and  market  the  army's  Occupational  Health 
Program. 

By  February  1943,  sufficient  data  and  experience 
had  been  acaimulated  to  warrant  issuing  War  Depart¬ 
ment  Circular  Number  59,  Industrial  Medical  Program 
of  the  United  States  Army.  This  document  established 
that  industrial  medical  services  would  be  provided  to 
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all  employees  at  installations  that  were  predominant¬ 
ly  industrial  in  nature,  regardless  of  whether  or  not 
the  job  exposures  were  hazardous.  Specifically,  the 
circular  stated: 

As  an  employer,  the  Army  is  obligated  to  furnish  safe 
and  hygienic  working  conditions  and  to  maintain  an 
adequate  industrial  medical  service.  The  Surgeon 
General  will  make  all  necessary  provisions  for  the 
supervision  of  industrial  hygiene  and  for  the  emer¬ 
gency  treatment  of  military  personnel  and  civilian 
employees  at  Army-operated  industrial  plants.”'^'”” 

Although  Circular  Number  59  encompassed  nu¬ 
merous  employees.  War  Department  workers  other 
than  those  employed  in  industrial  facilities  were  ex¬ 
cluded.  By  June  1943,  War  Department  civilians  not 
receiving  medical  services  numbered  approximately 
600,000.”  However,730,000employeeswereprovided 
medical  services  under  War  Department  Circular 
Number  59  at  ind'istrial  installations  that  included 
depots,  manufacturing  plants,  and  repair  shops  of  the 
Quartermaster  Corps;  arsenals  and  depots  v  f  ♦he  Ord¬ 
nance  Department;  arsenals  of  the  Chemical  Warfare 
Service;  depots  and  laboratories  of  the  Signal  Corps; 
depots  of  the  Corps  of  Engineers;  and  ports  of  embar¬ 
kation.  In  June  1945,  medical  services  were  expanded 
to  include  emergency  treatment  for  all  civilians  work¬ 
ing  at  U5.  Army  Service  Forces  installations.” 

The  lf.S.  Army  Industrial  Hygiene  Laboratory 

The  U.S.  Army  Industrial  Hygiene  Laboratory’  was 
established  in  October  1942  at  The  Johns  Hopkins 
University  School  of  Hygiene  and  Public  Health  in 
Baltimore,  Maryland.  Largely  through  the  efforts  of 
Dr.  Anna  Baetjer,  who  played  a  major  role  in  the 
laboratory.  The  Johns  Hopkins  University  fostered  the 
development  of  the  field  of  industrial  hygiene  before 
World  War  11.  The  laboratory's  mission  was  to 

conduct  surveys  and  investigations  concerning  occu- 
patior.al  health  hazards  in  US.  Army-owned  and 
US.  Armv-operated  industrial  plants,  arsenals,  and 
depols.'^'i’'**-'^’ 

Of  the  two  phases  of  the  army's  occupational  health 
effort — the  super\'ision  of  workers  and  the  control  of 
the  working  environment — the  latter  was  centered 
largely  at  this  laboratory.*  ’^'*-” 

Its  initial  staff— five  officers,  one  enlisted  man,  and 
three  civilians — accomplished  thelaboratory'sdiverse 
activities.  The  officers  belonged  to  the  first  group  of 
civilian  professionals,  trained  or  experienced  or  tolh 
in  industrial  health,  and  were  commissioned  specifi¬ 


cally  to  carry  out  the  army's  Occupational  Health 
Program. 

The  laboratory's  activities  included  both  periodic 
and  special  surveys  and  special  investigations;  these 
industrial  hygiene  surveys  were  conducted  at  98  in¬ 
stallations.  The  laboratory  developed  new  methods  of 
industrial  hygiene  sample  collection  and  analysis  (eg, 
the  charcoal-tube  method,  which  is  used  in  many 
chemical  analyses).  Special  studies  investigated  the 
combustion  products  of  solid  fuels,  the  lead  hazard 
associated  with  field  stoves  and  lanterns,  and  the 
fungicides  used  in  the  manufacture  of  various  nuli- 
tary  materials.  In  conjunction  with  the  USPHS,  the 
laboratory  also  participated  in  numerous  toxicity 
evaluations  with  extensive  patch  testing.*-”  '*  Other 
services  were  provided  in  the  areas  of  engineering 
design,  chemistry,  medicine,  statistics,  education  and 
training,  and  toxicology. 

The  Industrial  Hygiene  Laboratory  played  an  ex¬ 
tremely  important  role  throughout  World  War  II.  At 
theend  of  the  hostilities,  thearmy  recognized  its  future 
value,  relocated  it  to  Edgewood  Arsenal,  Maryland, 
and  renamed  it  the  U.S.  Army  Environmental  Hygiene 
Agency.®-'^-'* 

Occupational  Health  in  Munitions  and  Other  War 
Industries 

Early  in  the  war,  ordnance  plants  were  identified  as 
needing  effective  accident-  and  occupational  disease- 
prevention  programs.  As  a  result,  the  Industrial  Hy¬ 
giene  Branch  in  the  Office  of  the  Chief  of  Ordnance 
was  established  to  oversee  preventive-medicine  ef¬ 
forts  in  ordnance  plants,  regardless  of  who  owned  or 
operated  theplant.  Anarmy  physicianand  twoUSPHS 
officers  staffed  this  branch.  The  USPHS  conducted 
periodic  surveys  in  contractor-operated  plants,  and 
the  U.5.  Army  Industrial  Hygiene  Laboratory  con¬ 
ducted  the  same  type  of  surveys  in  government-oper¬ 
ated  plants.  The  USPHS  also  provided  further  assis¬ 
tance  by  offering  the  services  of  the  National  Institutes 
of  Health  (NIH),  and  the  Water  and  Sanitation  Inves¬ 
tigations  Station.  Specifically,  the  NIH  conducted 
studies  of  explosives  and  gasoline  additives,  and  the 
Water  and  Sanitation  Investigations  Station  conducted 
field  studies  of  water  pollution.  Tire  USPHS  and  the 
Bureau  of  Mines  also  collaborated  with  the  army  in 
providing  occupational  health-education  programs.'^ 
The  types  of  plants  that  received  assistance  included 
(a)  explosives  manufacturing  works,  ib)  miscellaneous 
chemical  works  (that  manufactured  basic  chemicals 
for  explosives),  (c)  small-arms  ammunition  plants,  (d) 
bag-loading  plants  (that  loaded  artillery  ammunition), 
(e)  arsenals,  and  (/)  proving  grounds. 
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One  hundred  one  govemment-oivned  explosives 
plants  compiled  quarterly  occupational  disease 
reports.  Ten  reporting  periods,  extending  from  1 
June  1941  through  31  July  1945,  encompassed  an  aver¬ 
age  of  more  than  37  months  of  operation,  with 
an  average  workforce  of  309,000  employees.  These 
reports  demonstrated  that  the  greatest  hazards  were 
(a)  poisoning  from  TNT;  (W  exposure  to  lethal  concen¬ 
trations  of  oxides  of  nitrogen  (generated  through 
the  nitration  of  organic  compounds  in  explosives  manu¬ 
facturing);  and  (c)  contact  deniiatitis  from  exposure 
to  compounds  like  lelryl  (trinitrophenyl- 
methylnitrosamine).  a  powerful  sensitizer  that 
was  used  as  a  booster  charge  in  large-caliber  ammu¬ 
nition.” 

In  968,(X)0  tnan-years  of  operations  during  World 
War  II  (a  man- year  is  defined  as  the  number  of  workers 
multiplied  by  the  number  of  years  each  worked),  28 
occupational  disease  fatalities  occurred,  of  which  22 
were  attributed  to  TNT,  3  to  oxides  of  nitrogen,  2  to 
carbon  tetrachloride,  and  1  to  ethyl  ether— fewer  than 
three  fatalities  per  100,000  workers  per  year.  Occupa¬ 
tional  illnesses  that  resulted  in  time  lost  from  work 
amounted  to  2.4  cases  per  1,000  man-years  of  produc¬ 
tion.  Dermatitis  caused  t\vo-thirds  of  these,  with  more 
serious,  systemic  illnesses  causing  0.8  cases  per  1,000 
man-years  of  production.” 


Compared  with  data  acquired  during  World  War  I, 
the  army's  efforts  to  establish  a  vigorous,  large-scale 
occupational  health  program  during  World  War  II 
were  effective.  During  World  War  I,  American  plants 
experienced  230  fatalities  per  billion  pounds  of  explo¬ 
sives  manufactured.  During  World  War  II,  however, 
government-owned,  contractor-operated  plants  (which 
produced  95%  of  all  military  explosives  manufactured 
in  the  United  States)  experienced  only  five  disease- 
related  fatalities  per  billion  pounds  of  explosives 
manufactured.  Moreover,  mortality  and  morbidity 
rates  decreased  as  World  War  11  progressed,  despite 
the  significantly  increased  production.  These  results 
were  attributed  to 

•  a  coordinated  effort  by  several  governmental 
agencies  that  provid^  occupational  health 
services; 

•  effective  industrial-plant  surveys  that  ad¬ 
dressed  actual  and  potential  problem  areas; 

•  follow-up  and  enforcement  of  survey  recom¬ 
mendations  through  operational  channels; 

•  the  availability  of  technical  consultation  and 
studies; 

•  the  fulfillment  of  research  requirements;  and 

•  education  programs  for  healthcare  providers, 
management,  and  workers.” 


THE  OCCUPATIONAL  SAFETY  AND  HEALTH  ACT  AND  THE  U.S.  ARMY 


From  the  end  of  World  War  II  until  1970,  there  were 
no  significant  developments  in  army  cKCupational 
health.  The  Occupational  Safety  and  Health  Act 
(OSHAct)  of  1970  made  employers  responsible  for 
providing  safe  and  healthful  workplaces,  and  ensured 
that  federal  and  state  officials  developed  and  enforced 
meaningful  workplace  standards.  The  OSHAct  re¬ 
quired  record  keeping  and  reporting  procedures  to 
monitor  job-relat^  morbidity  and  mortality  and 
strongly  encouraged  employers  to  improve  old  pro¬ 
grams  or  develop  new  programs  to  reduce,  control,  or 
eliminate  workplace  hazards  and  associated  injuries 
and  illnesses.’ 

The  original  OSHAct  did  not  include  federal  work¬ 
ers,  civiliatts  employed  by  the  Department  of  Defeirse 
(DoD),  or  the  military.  Title  29,  Code  of  Federal 
Regulations  (CFR),  Parts  1910  and  1960,  subsequently 
stated  that  each  federal  agency  shall  comply  with  the 
standards  issued  under  the  OSHAct.^  The  DA's  re¬ 
sponsibilities  were  defined  clearly  in  (a)  Department 
of  Defense  Instruction  (DoDI)  Number  6055,  the  DoD 
Occupational  Safely  and  Health  Program;  ib)  U5.  Army 
Regulation  40-5,  Medical  Services,  Preventive  Medicine; 


and  (c)  US.  Army  Regulation  385-10,  The  Army  Safety 
Program.  These  documents  required  that  the  DA 

•  utilize  and  comply  with  the  standards  promul¬ 
gated  under  the  (DSHAct  in  all  op)erations  and 
workplaces  that  are  not  unique  to  the  military, 
regardless  of  whether  the  work  is  perform^ 
by  military  or  civilian  personnel; 

•  apply  safety  and  health  standards  promul¬ 
gated  under  the  OSHAct  to  militarily  unique 
equipment,  systems,  operations,  and  work¬ 
places,  in  whole  or  in  part,  insofar  as  practi¬ 
cable;  and 

•  developand  publish  special  military  standards 
when  compliance  under  the  OSHAct  is  not 
feasible  in  militarily  uniquesituations,or  when 
no  applicable  standard  exists.’’'^ 

The  applicability  of  the  OSHAct  to  DoD  and  DA 
civilians  was  only  mildly  controversial;  however,  the 
question  of  its  applicability  in  certain  instances  involv¬ 
ing  uniformed  service  members,  particularly  in  train¬ 
ing  and  research  settings,  generated  hcat^  contro- 
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versy.  If  the  U.S.  Army  Safety  Office  determined  a 
certain  situation  to  be  militarily  unique,  the  OSHAct 
provisions  did  twt  apply  to  the  soldiers  involved. 
However,  as  specified  in  DoDI  6055.1  and  U.S.  Army 
regulations,  such  a  determination  in  no  way  relieved 
the  army  of  its  responsi  jility  to  its  soldiers  in  the  areas 
of  occupational  health  and  safety 

The  OSH.Act  has  changed  the  army's  official  atti¬ 
tude  towards  occupational  health  over  the  last  20 
years,  reflected  in  its  leadership's  greater  recognition 
of  the  need  for 

•  effective  occupational  health  services  that 
would  reduce  or  eliminato  the  threat  that  the 
army  would  be  cited  for  serious  noncompli¬ 
ance; 

•  more  comprehensive  occupational  health  ser¬ 
vices  at  the  installation  level,  particularly  with 
regard  to  more  responsibility  for  control  of  the 
workplace  with  less  reliance  on  the  USAEHA; 
and 

•  effective  record  keeping  and  reporting  proce¬ 
dures,  including  current,  accurate  inventories 
of  hazards.^^ 

During  the  early  1980s,  the  army's  leadership  be¬ 
came  aware  of  questions  in  two  areas  regarding  the 
adequacy  of  the  army's  occupational  health  services, 
first,  at  DoD  periodic  briefings  and  in  response  to 
congressional  and  other  inquiries,  it  became  apparent 
to  the  OTSG,  the  office  of  the  Assistant  Secretary  of 
Defense  (Manpower,  Reserve  Affairs,  and  Logisrics), 
and  the  office  of  the  Assistant  Secretary  of  the  US. 
Army  (Installations,  Logistics,  and  financial  Manage¬ 
ment)  that  the  army  did  not  maintain  current  work¬ 
place-hazard  inventories;  furthermore,  if  applicable 
standards  emanating  from  the  OSHAct,  or  elsewhere, 
were  being  met,  no  documentation  existed.  And  sec¬ 
ond,  Office  of  Workers  Compensation  Programs 
(OWCP)  claims  for  DA  employees  were  increasing 
toward  $1(X)  million  per  year.*^  These  concerns 
prompted  army  leadership  to  take  action  to  improve 
compliance  with  the  OSHAct  and  to  reduce  workers' 
compensation  claims. 

Occupational  Health  Programs  at  Army 
Installations 

The  offices  of  the  Assistant  Secretary  of  Defense 
(Manpower,  Reserve  Affairs,  and  Logistics),  and  the 
Assistant  Seaetary  of  the  U.S.  Army  (Installations, 
Logistics,  and  financial  Management)  responded  to 
these  problems  by  authorizing  185  civilian  occupa¬ 
tional  health  positions  and  making  SI  95  million  avail¬ 


able  to  the  Occupational  Health  Program  in  fiscal  year 
1984.  Additionally,  $7.5  million  per  year  was  identi¬ 
fied  for  distribution  in  fiscal  years  1985  through  1988. 
Later,  the  annual  disbursement  of  significant  amounts 
of  money  to  the  army's  occupational  health  effort  was 
extended  into  the  1990s. 

The  new  civilian  positions  allowed  for  stronger 
occupational  health  programs  at  army  installations, 
particularly  in  the  areas  of  developing  and  maintain¬ 
ing  workplace-hazard  inventories.  The  money  pur¬ 
chased  contract  assistance,  new  equipment  (such  as 
industrial  hygiene  sampling  instruments  and  mobile 
occupa  tional  health  clinics),  and  a  new,  comprehensive 
U.S.  Army  Occupational  Health  Management  Infor¬ 
mation  System  (OHMIS).  These  new  resources  were 
intended  primarily  to  benefit  civilian  employees 
working  in  the  United  States  and  overseas,  but  they 
also  benafited  soldiers.^^'^ 

The  Occupational  Health  Management 
Information  System 

The  army  developed  the  OHMIS  specifically  to 
meet  AMEDD  requirements  for  data  collection,  man¬ 
agement,  and  analysis.  OHMIS  is  a  three-module, 
integrated  system  consisting  of  (a)  the  Hearing  Eval¬ 
uation  Automated  Registry  System  (HEARS),  which 
addresses  audiometric  testing  and  workplace  noise 
data;  (h)  the  Health  Hazard  Information  Management 
(HHIM)  system,  which  maintains  workplace-hazard 
inventory  data  and  information  on  control  of  hazards; 
and  (c)  the  Medical  Information  Module  (MIM),  which 
provides  assistance  in  the  management  of  clinical  ser¬ 
vices  including  medical  surveillance.  OHMIS  was  a 
major  step  toward  modernizing  and  standardizing 
occupational  health  data  collection,  storage,  retrieval, 
and  use.^^'”’ 

Overseas  Programs 

The  recommendation  that  plans  for  future  military 
or  industrial  operations  in  foreign  areas  that  include 
soldiers  and  civilians  ought  also  to  include  an  occupa¬ 
tional  health  program  emanated  from  World  War  IL’’ 
But  by  1980,  still  no  defined,  comprehensive  occupa¬ 
tional  health  program  existed  in  any  army  overseas 
command.  (Dccupational  health  ne^s  overseas  had 
not  been  totally  neglected,  however.  Both  the  Tenth 
Medical  Laboratory  in  CSermany  and  the  U.S  Army 
Pacific  Environmental  Health  Engineering  Agency  in 
the  Far  East  provided  workplace  evaluations,  consul¬ 
tations,  anri  environmental  services.  Additionally,  the 
USAEHA  performed  routine  and  special  studies  out¬ 
side  the  United  States.*  However,  a  defined  program 
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combining  medicine,  nursing,  and  industrial  hygiene, 
with  strong  installation  programs  supported  by  the 
U5AEHA  and  other  laboratories,  did  not  exist.  A 
policy  that  addressed  overseas  occupational  heaith 
programs  was  also  weak  or  absent.’^  Even  though  the 
OSHAct  in  itself  did  not  apply  outside  the  United 
States,  its  applicability  to  overseas  DA  civilians  and 
soldiers  was  covered  in  regulations  and  in  a  DoDl.^^ 
In  1983,  the  OTSG  initiated  overseas  army  occupa¬ 
tional  health  programs.  The  army's  first  occupational 
health  consultant  in  Europe  was  assigned  to  establish 
ihe  policy  and  framework  needed  to  support  a 
rommandwideprogram.’'  A  major  reason  that  estab¬ 
lishing  the  position  of  European  occupational  health 
cor.sultant  was  so  long  delayed  was  that  fully  trained 
occupational  medicine  physicians  were  in  short  sup¬ 
ply  in  the  army.  During  the  early  1980s,  however,  the 
numbers  of  highly  qualihed  applicants  to  the  army's 
occupational  medicine  residency  program  at  the  US- 


AEHA  increased  greatly,  indicating  that  nev/  posi¬ 
tions  in  occupational  medicine  could  be  developed 
and  staffed.^*  The  fledgling  program  in  Europe  was 
allocated  40  civilian-position  authorizations  for  fiscal 
year  1984,  and  $2.2  million  in  fiscal  year  1985  as  its 
slare  of  the  newly  received  occupational  health  re¬ 
sources.  In  1984,  the  first  occupational  health  nursing 
consultant  in  Europe  was  iiifed.^^"^  ^  Similarly,  but  on 
a  smaller  scale,  an  occupational  health  program  was 
launched  in  Korea  in  fiscal  year  1987.* 

Both  these  overseas  ventures  represented  new  ap 
proaches  to  providing  services,  since  distinct  occupa¬ 
tional  health  clinics  were  not  created.  Instead,  the  new 
resources  were  integrated  with  existing  health  ser¬ 
vices,  and  missions  were  expanded  to  include  indus¬ 
trial  hygiene  and  occupational  medicine.  In  most 
cases,  the  installation's  preventive  medicine  service 
and  outpatient  clinics  abk>rbed  the  expanded  mission 
requirements.^^ 


THE  INDUSTRIAL  SOLDIER 


During  the  early  1980s,  in  an  attempt  to  improve 
occupational  health  services  for  soldiers,  AMEDD  be¬ 
gan  to  sponsor  one  physician's  assistant  each  year  to 
obtain  a  master's  degree  in  occupational  health  at  the 
University  of  Oklahoma.  In  l9Si,  a  graduate  of  this 
program  initiated  a  model  test  program  for  soldiers  at 
Fort  Campbell,  Kentucky.'" 

Many  people  assume  that  all  soldiers  are  combat¬ 
ants.  As  a  result,  soldiers  engaged  in  garrison  indus¬ 
trial  operafions.and  their  need  for  occupational  heaith 
services,  are  overlooked.  Ibe  test  model  began  by 
dehningali  industrial  operatioasat  Fort  Campbell  that 
were  not  militarily  unique.  Of  769  industrial  opeia- 
tions—including  acid  cleaning,  battery  charging, 
degreasing,  spray  painting,  and  welding— soldiers 
exclusively  performed  530. 

A  survey  of  healthcare  prwiders  was  conducted  in  an 
attempt  to  assess  morbidity.  Eye  injuries  were  selected 
as  an  indkatior  because  safety  gUtsses  were  noticeably 
absentamongtiie  troops.  Thissurvey  showed  thatte)an 
estimated  95  eye  injuries  occurred  each  week  among 
soldici-s  and  (b)  appropriate  eye  protection  would 
have  prevented  48%  of  them.  Tbeyearly  time  lost  from 


work  associated  with  preventable  eye  injuries  was 
over  89,000  man-hours."  When  the  survey  findings 
were  presented  to  the  military  command,  the  occupa¬ 
tional  health  specialists  were  able  to  demonstrate  that 
preventable  eye  injuries  were  detrimental  to  combat 
readiness.  As  a  result,  funds  were  allocated  not  only 
for  safety  glasses  but  also  for  other  items  of  personal 
protection,such  as  respiratory'-protectivedex'ices-  New 
procedures  for  procuring  these  items  still  needed  to  be 
established  because  the  sources  of  funding  and  the 
responsibility  for  procurement  were  different  from  the 
existing  procedures  used  to  purchase  personal  protec¬ 
tive  equipment  (PPE)  for  civilian  workers.^' 

The  Fort  Campbell  experiment  stimulated  other 
studiesof  occupational  morbidity  in  troopsand  served 
as  a  model  for  army  garrisons  worldwide."*”  Aspects 
of  the  Fort  Campbell  model  that  were  implemented  at 
many  installations  included  occupational  he-alth  edu¬ 
cation  efforts  for  troop  medical-care  providers,  devel- 
opmi.-.t  Os  new  data-gathering  systems  and  forms  to 
support  epidemiological  surveillance  and  studies,and 
efforts  to  incri’ase  command  emphasis  on  occupa¬ 
tional  safety  and  iio-Jth. 


M1LITA?'ILY  UNIQUE  EXPGSLiRES 


Soldiers  should  not  be  placed  at  unnecessary  risk —  health  hazards  associated  with  their  equipment.  For 
in  training  or  in  combat — because  of  either  their  ma-  e,xample,  a  soldier  who  fails  to  wear  hearing-protec- 
chines'  shortcomings  or  their  own  ignorance  of  the  tivedevicesonthefiringrangetodaywiilbeadeafand 
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ineffective  leader  on  the  battlefield  tonaorrow.  The 
tank  commander  who  uses  his  vehicle's  ventilation 
system  improperly  while  firing  his  weapons  will  put 
his  crew  at  risk  of  carbon  monoxide  poisoning.'^'^ 
Thus,  applying  the  principles  of  occupational  health  to 
the  fighting  soldier's  unique  environment  is  crucial  to 
military  readiness. 

The  Early  Years 

Dr.  Benjamin  Rush  (1745-1813),  a  signer  of  the 
Declaration  of  Independence  and  the  surgeon  general 
of  the  Middle  Department,  Continental  Army,  during 
the  American  Revolutionary  War,  recorded  his  obser¬ 
vations  on  diseases  in  military  camps  and  hospitals, 
including  hearing  loss  from  artillery  fiieJ  However, 
for  the  most  part,  military  men  simply  accepted  hear¬ 
ing  loss,  exploding  catmons,  and  other  risks  of  their 
profession. 

ThisacceptancechangedduringlheCivilWar(1861- 
1865),  vdth  the  introduction  of  a  new  generation  of 
wcapotrs — the  r£>votving  gun  turret,  armored  railroad 
artillery,  and  an  early  version  of  the  machine  gun — 
that  significantly  threatened  the  health  of  the  soldiers 
who  manned  them.^ 

The  union  repeating  gun,  the  early  version  of  the 
nrachine  gun,  was  mourtted  on  artillery  wheels  with  a 
large  hopperon  topof  itssinglebanel.  Aslheweapon's 
crank  w'as  turned,  cartridge  cases  in  the  hopper  were 
dropped  one  by  one  into  a  revolving  cylinder.  A  firing 
pin  struck  each  cartridge,  which  was  then  ejected. 
President  Abraham  Lincob  liked  the  weapon,  but 
Colonel  John  Geary,  a  hero  of  the  Mexican-American 
War,  returned  those  that  had  been  sent  to  him.  One 
reason  for  his  rejection  was  the  danger  the  weapon 
posed  to  its  operators.  Pieces  of  soft  metal  had  appar¬ 
ently  sheared  off — when  the  cartridges  were  forced 
against  misaligned  parts  of  the  weapon — during  firing 
and  had  endangered  Colonel  (jeaty'sown  troops.  The 
weapon's  most  bmous  casualty  was  General  William 
Tecumseh  Sherman,  who  was  wounded  when  a  piece 
of  metal  penetrated  his  leg  while  he  watched  a  test- 
firing.^ 

World  War  I 

Several  aspects  of  war  presented  unique  hazards  to 
soldiers  in  World  War  I,  includmg  tanks,  highly  effec¬ 
tive  machine  guns,  and  trench  warfare.  Except  for  its 
response  to  the  threat  posed  by  gas  warfare,  iK>  evidence 
exists  to  show’  that  the  United  States  paid  any  attention 
to  the  militarily  unique  occupational  health  needs  of 
its  soldiers.  Our  European  allies,  however,  did.*’ 


Thefirst  major  useof  tanks  was  by  the  British  in  1917 
in  France  (Figure  1-5).  One  of  the  first  British  soldiers 
to  go  into  battle  in  a  tank  described  his  experience: 

The  whole  crew*  are  at  various  guns,  which  break  forth 
in  a  devastating  fire.. ..By  this  time,  the  fumes  from 
the  hundreds  of  rounds  which  we  have  fired,  with  the 
heat  from  the  engines  and  the  waste  petrol  and  oil, 
have  made  the  air  auite  oppressive  and  uncomfort¬ 
able  to  breathe  in.  However,  those  who  go  down  to 
the  land  in  tanks  are  accustomed  to  many  strange 
sensations,  which  would  make  an  ordinary  mortal 
shudder.^**’ 

British  and  French  medical  officers  identified  and 
attempted  to  manage  threats  to  the  health  of  their 
soldiers  who  used  military  machines  during  World 
War  1.  The  dangers  of  heat  stress  m  armored  vehicles, 
and  of  carbonmonoxidepoisoning  that  occurred  when 
machme  guns  were  fired  in  tanks  and  in  enclosed  gun 
emplacements,  were  well  known.  (Accidents  that 
caused  carbon  monoxide  casualties  had  occurred  be¬ 
fore,  and  dunr' j,  the  war.)’’^ 

Carbon  monoxide  was  produced  by  incomplete 
combustion  of  the  propellant  in  the  machine  gun  car¬ 
tridges.  Machine  gun  emplacements,  which  gun  crews 
had  attempted  to  sea!  to  protect  themselves  against  the 
enemy's  poisonous  gases  like  chlorine,  were  not  well 
ventilated  and  were  extremely  dangerous;  carbon 
monoxide  reached  toxic  levels  inside. 

Ventilation  inside  tanks  was  also  poor,  and  carbon 
monoxideaccumulated  when  the  tanks'  weapons  were 
fired.  In  April  1918,  a  series  of  tests  performed  m 
France  on  a  Renault  tarrk  with  a  Hotchkiss  machine 
gun  showed  that  soldiers  could  reduce  the  level  of 
carbon  monoxide  inside  by  openmg  the  tank's  doors 
or  running  itsengine  (Figure  1-6),*'  Testsand  observa¬ 
tions  by  the  French  army  concluded  that  machine  gun 
emplacements  must  never  be  hermetically  sealed,  and 
that  soldiers  must  be  protected  with  adequate  ventila¬ 
tion  against  carbon  monoxide  poisoning.  The  French 
attempted  to  develop  an  effective  filtering  system  for 
carbon  monoxide,  although  their  efforts  were  unsuc¬ 
cessful.*^ 

The  tunnels  that  laced  the  trenches  of  World  War  I 
battlefields  created  extremely  hazardous  conditions 
underground.  Defensive  mining  operations,  consist¬ 
ing  of  digging  tunnels  and  planting  explosives,  were 
initially  used  oidy  when  necessary  to  protect  impor- 
■tant  trenches,  salients,  or  sectors.  Later,  offensive 
mining,  using  large  quantities  of  explosives,  resulted 
in  intensive  crater  warfare.  Thousands  of  soldiers, 
many  of  them  skilled  miners  in  civilian  life,  worked 
underground  daily.  The  use  of  compressor  engines 
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fig.1-5.  The  first  major  tank  battle,  the  Battle  of  Cambrai,  took  place  on  20  November  1917  in  northern  France.  From  behind 
the  British  front,  378  ironclads  (an  early  name  for  tanks)  similar  to  the  BritLsh  Mark  IV  shown  above  moved  toward  the 
Hindenburg  Line  The  Mark  IV  had  five  303<aliber  Lewis  machine  guns  and  armor  only  thick  enough  to  protect  against 
small-arms  fire  The  inside  of  the  tank  was  one  large  compartment  in  which  the  crew  ere  exposed  to  combustion  products 
from  the  weapons  and  exhaust  from  the  petrol  engine.  Sources;  (1  >  (Saydos  JC.  A  historical  \  iew  of  occupational  health  for 
the  soldier.  Medical  Bulletin  of  the  US  Army  Medial  Department.  19882:4-6.  PB  8-88.(2)  Cooper  B.  The  Ironclads  of  Cambrai. 
London:  Souvenir  Press;  1967.  Photograph:  Courtesy  of  Colonel  Joel  C.  Cjaydos,  Bethesda,  Md. 


and  explosives  inside  the  tunnels  created  oxygen- 
deficient  areas  that  had  high  concentrations  of  carbon 
monoxide,  nitrogen  oxides,  hydrogen,  and  methane. 
Gas  poisonings  and  explosions  caused  large  numbers 
of  casualties.  The  British  army  evaluated  existing 
mine-rcsa«e  equipment  that  was  used  in  the  civilian 
mining  industry  and  adopted  an  apparatus  contaiiting 
compressed  oxygen  for  the  rescuers  and  an  oxygen- 
resuscitating  apparatus  for  treating  thecasualties.  They 
also  started  mine-rescue  schools  and  published  an 
ofHdalvmminhMmoranditmonGasPoisoninghtMiites.'' 

Between  the  Wars 

Although  the  AMEDD  made  noattempt  to  develop 
the  field  of  occupational  health  and  its  related  areas 


after  World  War  1,  those  initiatives  were  made  else¬ 
where.*  Forftmately,  governmental  agencies  and  pri¬ 
vate  industry  recognized  the  value  of  such  skilb.  Ci¬ 
vilian  programs  in  occupational  medicine  and 
industrial  hygiene  received  emphasb  in  graduate 
schools  of  public  health  and  were  able  to  provide  the 
occupational  health  experts  that  AMEDD  required 
during  World  War  11. 

Special  Laboratories  During  World  War  II 

Several  laboratories  played  a  major  role  in  militarily 
unique  occupational  exposures  during  World  War  11, 
including  (a)  the  Harvard  Fatigue  Laboratory,  (b)  the 
Armored  Medical  Research  Laboratory,  (r)  the  Qi- 
matic  Research  Laboratory'  (CRD,  and  (rf)  the  US. 
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Rg.  1*^  The  basic  configuration  of  the  mcxiem  tank  first  appeared  in  1917  %vith  the  French  Renault  LT.  Earlier  tanks 
resembled  large,  armored  ixoces  but  the  Renault  had  the  driver  in  the  front,  a  fully  traversable  turret  containing  the  main 
gun  in  the  center,  and  the  engine  in  the  rear.  The  first  Renaults  were  armed  with  either  an  S-Qun  Hotdikiss  machine  gun  or 
a  37-inm  gun  (above).  From  the  time  they  had  first  examined  a  wooden  mockup  in  December  191 6,  Frendi  military  leaders 
expressed  coTKem  that  the  crew  space  was  too  small  and  that  ventilation  would  be  inadequate  to  prevent  asphyxiation  of 
the  crewafter  the  gun  was  fired.  Resultsfromaseries  of  testsdone  in  April  1918,inaReiault  tank  withaHotchldss  machine 
gun,  showed  that  the  level  of  carbon  monoxide  inside  the  crew  compai  tment  could  be  reduced  by  firing  the  weapon  with 
the  tank  doors  opened  or  with  the  engine  nmning.  Sources:  ( 1 )  Gaydos  JC  A  historical  view  of  occupat^nal  health  for  the 
soldier.  Medical  Bulletin  of  the  US  Any  Medical  Department.  19882:4-6.  PB  8-88.(2)  Zaloga,  Sf.  The  Renault  FT  Ziglrf  Tank. 
London:  Osprey  Publishing;  1988.  Original  drawing  by  Leon  Conjour,  USAEHA  Hlustration  Stop. 

Army  Research  Institute  of  Environmental  Medieixte  and  equipment,  primarily  for  use  in  cold  weithet; 
(USARIEM).  nutrition;ph)rsicalfitness,mdudingmethodsofevalu- 

ation;  high^titude  proUems,  including  anoxia,  oxy- 
Tke  Harvard  Fatigue  Labontory  genma5ks,heatedsuits,and]^ysk>k)gicalresponseto 

cold;  physiologka!  adaptation  to  excessive  h^t;  and 
The  Harvard  Fatigue  Labciatory  was  established  in  blood-chemistry  derangements,  paiiicularly  carbon 

1927,anditsdistinguishedfaculty,students,andgTadu-  monoxide  poisoning.'*^ 

ales  had  compiled  an  impressive  research  record  by  The  Harvard  Fatigue  Laboratory  dosed  in  1947,but 

thetimetheUnitedStatesenteredWorld  Warn.  Some  it  left  an  indelible  mark  on  the  sdeniifk  corrunu- 
staH  members  remained  at  the  laboratory  during  die  nity.***  Several  military  research  facilities  were  asso- 
war  to  do  collaborative  work  %vith  the  military;  others  dated  with  the  Harvard  Fatigue  Laboratory  during  its 
leftformilitaryservicee!sewhere,eithorasdviliansor  existerKebecausestaffnneinbetswhoentei^themili- 

asoffkers.  Ff^  June  1940  to  March  1947,  the  labora-  lary  initiated  collaborative  efforts  with  their  former 
tory  submitted  180  research  reports  to  different  US.  coUeagues.  These  fodlities,  which  continued  their 
governmental  agencies  ark!  to  the  British  and  Qma-  efforts  after  tlie  laboratory  dosed,  induded  the  Ar- 
dian  armed  fcrc^  Those  reports  addressed  dothing  mored  Medical  Research  Laboratory,  Fort  Kr<ox,  Ken- 
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Fig.  1-7.  Cutaway  drawingsiif  the  BniJsh  Mark  IV  combat  tank  of  World  VVar  I  (upper),  thcBnlish  Mark  VIIl  (center),  which 
appeared  around  the  end  of  World  VVar  I.  and  the  Sherman  M4  (lower),  which  was  used  extensively  during  World  War  H. 
The  light  areas  repre.sent  the  crew  comp^irtments.  After  only  a  few  years’  expenence,  designers  of  the  Mark  VIIl  placed  a 
bulkhead  between  the  engine  and  the  remainder  of  tk»  tank  interior  that,  at  least  theoretically ,  would  reduce  crew  exposure 
to  engine  exhaust  products,  petrol  v  apors,  engine  heat,  and  engine  fires.  The  concept  of  a  separate  engine  compartment  w  as 
incorporated  into  World  War  1!  tanks,  but  cu’w  exposure  tocombustion  products  of  weapons  continues  e\  en  to  the  present 
Original  drawings  by  Ia?on  Conjimr.  USAEHA  Illustration  Shop. 
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tucky;  the  U5.  Army  Climatic  Research  Laboratory 
(CRL),  Lawrence,  Massachusetts,  and  later  Natick, 
Massachusetts;  the  Naval  Medical  Research  Institute, 
Bethesda,  Maryland;  the  Navy  School  Aeromedical 
Laboratory,  Pensacola,  Florida;  and  the  Aeromedical 
Laboratory,  Wright  Field,  Ohio.”'* 

The  Armored  Medical  Research  Laboratory 

As  the  threat  of  World  War  II  approached  and  the 
role  of  armor  in  modern  warfare  unfolded,  no  US. 
Army  organization  had  been  assigned  the  responsibil¬ 
ity  for  studying  the  soldier  in  this  environment,  par¬ 
ticularly  the  exposures  inside  tanks  (Figure  1-7).*  The 
concern  that  crews  of  armored  \'ehicles  would  be 
unable  to  perform  and  endure  in  hot  climates  was  so 
great  that  achieving  the  technology  needed  for  air- 
conditioning  tanks  was  considered  to  be  a  major 
breakthrough  in  modem  warfare.  The  British  feared 
that  the  Germans  had  begun  to  produce  air-condi¬ 
tioned  tanks.^  The  Germans  had  not  mastered  the 
required  technoIogy,however,and  there  wasnorational 
basis  for  the  British  fear. 

Even  though  the  initial  basic  tank  design.,  exempli¬ 
fied  by  the  British  Mark  IV,  had  changed  considerably, 
U5.  Army  tank  coiiunanders  and  medical  officers  still 
feared  that  limited  ventilation  in  a  confined  space 
could  result  in  very  high  internal  temperatures  and 
accumulation  of  toxic  levels  of  weapons  combustion 
products.  Control  of  the  internal  temperature  of  a  tank 
and  control  of  air  contaminants  through  filtration  or 
dilution  could  be  expected  to  greatly  improve  the 
endurance  and  perfomiance  of  tank  crews,  particu¬ 
larly  in  hot  clinrates  and  under  other  conditions  that 
required  that  hatches  be  dosed.  Unfortunately,  space 
and  power  were  so  limited  in  tanks  that  our  own 
AMEDD  officers  could  not  convince  tank  developers 
to  install  even  a  small  fiin  in  the  Sherman  tank  to 
improve  ventilation.’* 

The  tank  environment  posed  several  potential 
problems  to  the  soldiers  of  all  forces,  including  heat 
stress,  toxic  gases  created  by  weapons  fire,  postural 
injuries,  and  fires  in  the  crew  compartment.  With  the 
assistance  and  support  of  the  NRC,  the  Armored 
Medical  Research  I.aboratory  was  established  in  1942 
at  Fort  Knox,  Kentucky,  to  deal  with  the  medical 
problems  of  armored-vehicle  crews.’*’’*  Staffed  by 
physicians,  medical  and  physical  scientists,  and  engi¬ 
neers,  the  laboratory's  mission  was  to 

•  identify  and  evaluate  the  stressful  demands 
placed  on  operators  of  tanks  and  other  weap¬ 
ons; 


•  determine  the  lirruts  and  the  capabilities  of 
soldiers;  and 

•  find  the  proper  balance  between  operating  de¬ 
mand  and  human  capabilities,  to  avoid  break¬ 
down  or  failure  of  the  rtran-weapon  system. 

In  April  1942,  the  OTSG  began  to  recruit  teachers 
and  researchers  from  civilian  sources  to  staff  the  Ar¬ 
mored  Medical  Research  Laboratory.’*"'**  During  its 
more  than  3  years  of  wartime  service,  the  laboratory 
staff  produced  approximately  130  reports  dealing  with 
19  different  categories  of  problems,  including  tem¬ 
perature  extremes;  rations;  physical  and  mental  stan¬ 
dards  for  tarrk  crewmen;  prot^on  agairrst  fire,  dust, 
noise,  and  blast  in  tarrks;  defense  against  chemical 
warfare  agents;  fatigue;  and  toxic  gases.’*"’**  In  one 
demonstration,  general  officers  became  the  tank  crew 
in  order  to  experience  the  irritating  efi^  of  ammonia 
produced  by  main  gun  fire  in  an  M4  tarrk  with  all  its 
hatches  closed  (Figure  1-8).’* 

After  World  War  II,  the  Armored  Medical  Research 
Laboratory  was  involved  in  reorganizatiorrs  and  name 
changes;  eventually,  respoirsibility  for  many  of  its 
research  areas  was  trarrsferred  to  USARIEM.** 

The  Climatic  Research  Laboratory 

Tire  CRL,  established  in  1943  in  Lawrence,  Massa¬ 
chusetts,  was  a  (Quartermaster  corrrmand  with  some 
staffing  from  the  OTSG.  The  Harvard  Fatigue  Labora¬ 
tory  supplemented  the  facilities  and  staff  and  pro¬ 
vided  a  seruor  scientist  as  the  first  director  and  com¬ 
mander.*  The  laboratory  was  designed  to  simulate  all 
climaticconditiorrs  to  which  soldiers  irrightbe  exposed 
and  to  test  clothing  and  equipment  under  those  condi- 
tiotrs.  Between  1943  and  1954,  the  staff  published  359 
techrrical  reports  on  topics  including  the  effects  of 
environmental  temperature  and  physical  activity  on 
the  variables  relat^  to  the  iirsulating  properties  of 
rrraterials  used  in  clothing,  sweat  production  under 
varying  conditions,  cold-induced  diuresis,  and 
rewarming. 

In  1954,the  laboratory  was  reorganizedand  eventu¬ 
ally  became  the  Envirorunental  Protection  Research 
Division  (EPRD)  at  Natick,  Massachusetts.  In  1%1, 
sections  of  the  EPRD  became  part  of  USARIEM.* 

The  U.S.  Army  Research  Institute  of  Environmental 
Medicine 

The  army  established  USARIEM  in  Natick,  Massa¬ 
chusetts,  by  corrsolidating  research  elements  that  had 
been  initiated  in  the  Armored  Medical  Research  Labo- 
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Fig.  1-8.  Sherman  medium  tank  (M4A4, 1942  vintage).  The  M4  tank  had  no  ventilation  designed  specifically  for  the  crew. 
While  the  engine  was  running,  air  that  was  needed  to  cool  the  engine  was  drawn  through  the  turret,  allowing  some  air 
exchange  to  occur  in  the  crew  compartment.  During  World  War  II,  a  test  was  conducted  at  the  Armored  Medical  Research 
Laboratory,  Fort  Knox,  Kentucky,  in  which  two  general  officers  and  an  Army  Medical  Department  (AMEDD)  officer 
attempted  to  fire  10  rounds  of  75-mm  ammunition  from  an  M4,  similar  to  the  one  above,  with  all  the  hatches  closed.  After 
firing  only  four  rounds,  ammonia  levels  reached  about  400  ppm  and  the  "crew'*  were  weeping  copiously  and  ready  to  quit 
the  test.  During  World  War  11,  morbidity  and  mortality  from  toxic  combustion  products  of  weapons  were  probably  averted 
because  tankcrews  fended  to  leave  thehatchesopen  whenever  possible.  Source;  Hatch,TF.Somereminiscences,thearmored 
force  medical  research  laboratory  in  WW II.  Medical  Bulletin  of  the  US  Army  (Europe).  1985:4222-26.  Photograph;  Courtesy 
of  Colonel  Joel  C.  Gaydos,  Bethesda,  Md. 


ratory  and  the  EPRD.  The  laboratory's  main  effort 
always  was  directed  at  the  health  and  effectiveness  of 
soldiers  who  functioned  at  extremes  of  temperature  or 
at  high  altitude.  More  recently,  USARIEM  assumed 
research  roles  in  physical  fitness  and  nutrition.^ 

Data  and  information  were  acquired  at  Natick;  the 
Arctic  Medical  Research  Laboratory  at  Fairbanks, 
Alaska;  the  John  T.  Maher  Laboratory  at  Pikes  Peak, 
Colorado;  and  from  numerous  field  studies.  Using 
these  data,  USARIEM  assisted  military  commanders 
and  medical  officer  by  consulting  on  and  teaching 
about  a  wide  range  of  topics,  including  tolerance  times 


for  soldiers  working  in  the  heat;  coagulopathies  asso¬ 
ciated  with  heat  stroke,  frostbite,  and  hypothermia; 
and  injuriesassociated  with  physical-fitness  training.^ 

Weapons  Modernization  During  the  1980s 

Allegations  of  adverse  health  effects  in  operators  of 
new  army  weapons  systems  began  to  surface  during 
the  late  1970s.  Early  in  the  1980s,  the  DoD  launched  a 
major  weapons  modernization  program,  which 
brought  more  allegations  and  criticism  that  the  army 
had  forgotten  the  soldier  in  the  man-machine  inter- 
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Fig.  1-9.  The  OH-58D  Advanced  Scout  Helicopter  was  designed  for  enhanced  aerial  reconnaissance;  intelligence  gathering; 
and  target  detection,  acquisition,  and  designation.  It  serx’esasan  excellent  exampleof  the  many  different,  potentially  adx'erse 
exposures  that  may  be  inherent  m  new  materiel.  Under  the  Health  Hazard  Assessment  Program,  the  OH-58D  was  evaluated 
for  the  following  potential  hazards  to  human  health,  lasers  contained  in  the  ball  on  top  of  the  main  rotor;  heat  stress  resulting 
from  the  large  number  of  electronic  items  earned  in  board,  engine-exhaust  products  that  amid  enter  the  cockpit,  whole-body 
vibration,  and  the  crash  worthiness  of  the  seats,  which  had  been  used  on  other  aircraft  and  were  report^  to  have  been 
associated  with  excessive  spinal  injuries  during  crash  landings.  Source;  Rowden  SE,  McIntosh  RM.  The  health  hazard 


assessment  program;  Occupational  health  for  the  soldier  i 
1988;2:7-13.  PB  8-88.  Photograph:  USAEHA  file. 


face.  Critics  also  attacked  the  army  for  failing  to 
adequately  address  crew  and  vehicle  survivability  on 
the  battlefield  in  the  design  and  testing  of  armored 
combat  vehicles.''’’^"’ 

The  Health  Hazard  Assessment  Program 

Weapons  and  equipment  development  continued 
after  World  War  11,  as  new  technologies  (such  as  radar 
and  lasers)  produced  potential  threats  to  the  health  of 
soldiers  ivho  operat^  and  maintained  them.  Al¬ 
though  AMEDD  continued  to  develop  its  expertise  in 
occupational  health,  this  expertise  was  not  integrated 
into  the  U5.  Army  Materiel  Acquisition  Decision  Pro¬ 
cess  (M  ADP),  a  multiyear  cycle  in  which  new  military 
itemsare  systematically  conceived,  developed,  tested, 
reviewed,  and  accepted,  rejected,  or  modified,  before 
being  fielded.  Therefore,  no  systematic  medical  re¬ 
view  occurred  to  identify  and  control,  or  eliminate, 
hazards  to  the  soldiers  who  used  and  maintained  the 
new  tanks,  guns,  and  other  equipment.*""’* 

Problems  resulting  from  the  absence  of  expert  medi¬ 
cal  opinion  in  the  M  ADP  became  obvious  by  the  late 
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1970s  and  early  1980s.  (Questions  arose  regarding  the 
potential  harmful  effects  from  blast  overpressure  with 
the  M 198  howitzer  and  carbon  monoxide  poisoning  in 
the  Bradley  Fighting  Vehicle  (BFV),  when  both  were 
nearing  the  end  of  a  multiyear  MADP  cycle.  These 
questions  should  have  been  addressed  earlier  in  the 
conceptual  stages  of  materiel  development  to  pre¬ 
clude  the  ptissibility  that  costly — ^and  even  unaccept¬ 
able — changes  would  have  to  be  made.  To  prevent 
similar  problems  in  the  future,  U.S.  Army  Regulation 
40-10  established  the  U.S.  Army  Health  Hazard  As¬ 
sessment  (HHA)  Program,  which  was  published  in 
October  1983.^'  This  regulation  required  medical  re¬ 
view  of  items  in  the  MADP  at  critical  points  in  the 
multiyear  cycle.  The  HHA  process  has  evaluated  a 
long  list  of  potential  hazards,  including  noise  and 
vibration  in  helicopters,  toxic  gases  in  armored  ve¬ 
hicles,  blast  overpressure  from  mortars,  and  skin  irri¬ 
tation  and  serisitiration  caused  by  chemical  protective 
masks,  clothing,  and  other  items  of  PPE  (Figure  1-9).** 
After  the  army's  HHA  program  was  initiated,  the 
U.S.  Deputy  Chief  of  Staff  for  Personnel  undertook  the 
Manpower  and  Personnel  Integration  (MAN PRINT) 


Occupalioml  Health:  The  Soldier  and  the  Industrial  Base 


initiative.  This  effort's  objective  was  to  ensure  that  the  to  (a)  assess  the  vulnerability  of  both  vehicle  and  crew,  (t>) 
human  component  was  considered  first  in  the  design  identify  design  changes  to  improve  both  vehicle  and 
and  development  of  army  systems  such  as  weapons  crew  survivability,  (c)  produce  a  database  in  order  to 
systems,  field  water-treatment  systems,  and  commu-  improve  computer  modeling  of  vulnerability,  and  (d) 
nication  systems.  By  regulation,  key  persoiuiel  in  the  assess  the  lethality  of  American  weapons  systems 
MADP  were  required  to  attend  MANPRINT  educa-  against  foreign  systems.*’'*^  Because  the  first  three  of 
tion  programs  (which  included  orientation  on  medical  these  objectives  addressed  the  protection  and  surviv- 
topics)  and  to  ensure  that  the  human  aspect  of  the  ability  of  American  troops,  AMEDD  had  a  role  in 
soldier- machine  interface  not  only  was  not  forgotten,  identifying  and  defining  the  potential  hazards  and 
but  was  given  the  highest  priority.^  making  recommendations  for  improxong  survivability. 

However,  AMEDiys  involvement  with  the  last  objec- 
Testingfor  Survivability  and  Vulnerability  five  was  precluded  for  ethical  reasons.  The  lead  m^i- 

calorganiza  tion  in  thisnewundertakingwas  the  Walter 
Whether  or  not  a  military  vehicle,  particularly  an  Reed  Army  Institute  of  Research  (WRAIR),  Washing- 

armored  combat  vehicle  (ACV),  survives  combat  is  ton,  D.C.,  with  support  from  USAEHA  and  the  U.S. 

directly  related  to  both  the  vehicle's  and  the  crew's  Army  Aeromedical  Research  Laboratory  (USAARL), 

vulnerability.  Until  the  1980s,  vehicle  vulnerability  rortRucker,Alabanra.^  The  Armed  Forces  Epidemio- 

was  assessed  by  simply  evaluating  the  ability  of  the  logical  Board  also  provided  assistance.^'^ 
armor  to  withstand  penetration  by  a  specified  anti-  Using  current  technology  and  developing  new,  the 

armor  threat  (eg,  a  particular  rocket  or  artillery  shell).  army's  vehicles,  containing  a  variety  of  sophisticated 

Selective  components  of  the  vehicle  were  tested  and  irrstruments,  were  subjected  to  antiarmor  threats, 

data  were  extrapolated,  using  computer  modeling,  to  Fragments,  thermal  effects,  blast  overpressure,  flash, 

determine  the  vulnerability  and  survivability  of  the  acceleration  and  deceleration,  and  toxic  gases  were 

ACV.  This  approach — particularly  the  testing  of  the  studied.  The  results  of  this  effort  have  been  directed 

BFV — was  criticized,  and  as  a  result,  the  Office  of  the  toward  improving  soldier  survivability  in  battle  and 

Secretary  of  Defense  initiated  the  Joint  Live  Fire  Pro-  AMEDiys  ability  to  predict,  diagnose,  and  treat  battle 

gr(flminl984.  InacloselyreIatedactioninl987,theUS.  casualties.  After  considerable  research  and  study. 

Congress  passed  legislation  requiring  live-fire  testing  health  risks  within  an  ACV  (including  a  scenario  in 

of  all  weapons  platforms,  like  an  ACV,  ship,  or  air-  which  the  crew  remained  in  the  vehicle  after  its  armor 

plane,  that  perform  as  a  combat  machine  against  real-  was  penetrated)  and  criteria  for  predicting  injuries 

istic  combat  threats.  The  objectives  of  the  testing  were  were  defined  and  reviewed.*’^ 

CHEMICAL  WARFARE 

Just  as  Germany's  use  of  poisonous  gas  during  chemical  agents  stored  at  eight  locations  in  the  conti- 

World  War  I  had  stimulated  the  U.S.  Army  to  initiate  nental  United  States  (CONUS),  Johnston  Island  in  the 

its  first  occupational  health  program,^'*  poisonous  gas  Pacific  Ocean,  and  West  Germany.^  The  initial  target 

again  became  a  center  of  interest  in  both  occupational  date  of  30  September  1994  for  completion  of  the  man- 

health  and  envirorunental  fields  as  the  decade  of  the  dated  destruction  was  later  extended  to  1997.^'^ 

198Qs  drew  to  a  close.  F*ublic  concern,  congressional  interest,  and  strict  re¬ 

quirements  for  envirorunental  evaluations  focused 
Demilitarization  considerable  attention  on  the  army's  plan  to  inciner¬ 

ate  the  agents  at  the  eight  CONUS  locations  and 
In  1%9,  President  Richard  M.  Nixon  unilateraUy  Johnston  Island.**  The  involvement  of  the  army's 

halted  American  production  of  warfare  chemicab,  occupatiorral  health  community  in  conjunction  with 

thereby eliminatingtheroutinereplacementofchemi-  fhe  USPHS  and  the  Committee  on  toxicology  of  the 

cal  weapons  affected  by  aging.**  By  the  late  1980s,  a  NRC  included 
deteriora  ting  Americanchemii^-waTfarestockpile  was 

described  as  "90%  useless  for  military  purposes,  and  •  documenting  and  verifying  occupational  and 
costing  approximately  $65  million  per  year  to  safe-  environmental  exposurestandards  (to  include 

guard."*^  The  1986  Defense  Authorization  Act  at-  those  for  the  general  population); 

tempted  to  correct  this  situation  by  requiring  the  de-  •  reviewing  workplace  and  destruction  proce- 
struction  (demilitarization)  of  aging  munitions  and  dures  for  compliance  with  standards; 
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•  assisting  with  the  preparation  of  environmen¬ 
tal  assessment  and  impact  documents;  and 

•  addressing  inquiries  and  concerns  of  citizens, 
legislators,  and  the  U5.  Environmental  Protec¬ 
tion  Agency  (EPA). 

Production  of  Binary  Chemical  Weapons 

In  support  of  the  United  States  government's  posi¬ 
tion  that  a  chemical  weapons  capability  deters  an 
enemy  poisonous  gas  attack,  the  1 986  Defense  Autho¬ 
rization  Actalsoapprovedproductionofbinary  chemi¬ 
cal  weapons,"”  which  began  at  Pine  Bluff,  Arkansas,  in 
December  1987.'”  In  the  binary  system,  two  toxic  but 
sublethal  component  chemicals  are  manufactured  and 
stored  separately.  When  the  fuze  is  installed  in  the 
weapon  (eg,  an  artillery  shell),  separate  containers  of 
each  chemical  component  are  also  installed.  When  the 
weapon  is  fired,  the  separate  containers  rupture  and 
the  components  mix  to  form  a  new,  lethal  compound.*' 
This  weapons  system  produced  a  number  of  new 
chemicals,  such  as  ethyl  2-Idi-isopropylamino)- 
ethylmethylphosphonite  (known  as  QL).  To  protect 
civiliatrsand  soldiers  whomightbeexposed  to  the  new 
chemicals,  the  army's  occupational  health  community 
defined  requirements  for  toxicity  studies,  interpreted 
toxidtydata,developedexposurestandards,and  evalu¬ 
ated  worksite  proc^ures. 

Contempoiaty  Threats 

The  threat  of  exposure  to  poisonous  chemicab  has 
been  considered  a  possibility  with  (a)  armed  conflict, 
(b)  terrorist  activities,  (c)  the  destruction  of  our  aging 
chemical  stockpile,  or  (d)  the  accidental  unearthing  of 
old,  forgotten  underground  disposal  sites. 

In  a  1919  report  to  Congress,  (General  of  the  Armies 
John  J.  Pershing  stated: 

Whether  or  not  gas  will  be  employed  in  future  wars  is 
a  matter  of  conjecture,  but  the  effect  is  so  deadly  to  the 
unprepared  that  we  can  never  afford  to  neglect  the 
question.**'"’ 

Chlorine,  mustard,  and  phosgene  had  been  used  in 
World  War  1  and  caused  more  than  1  million  casualties 
and  almost  100,(XX)  deaths.*’  The  possibility  of  an  en¬ 
emy  gas  attack  was  considered  to  be  remote  during 
World  War  il,  but  American  military  personnel  re¬ 
ceived  chemical-warfare  training  nevertheless.  Few, 
however,  took  either  the  training  or  the  threat  seri¬ 
ously.  Theopposingsidesmaintainedsignificantstock- 
piles,  but  there  ^vas  no  confirmed  combat  use  of  chemi¬ 
cal  weapons  by  major  belligerents.*’ 


An  unfortunate  incident  in  1943  demonstrated  that 
when  medical  personnel  do  not  suspect  and  are  un¬ 
prepared  tohandlechemical  casualties,  theoonsequences 
can  be  grave.®'*'  At  dusk  on  2  December  1943,  the 
Germans  bombed  the  allied-occupied  harbor 
of  Bari,  Italy.  The  merchant  ship  SS  John  Harvey  was  in 
port  load^  with  a  large  quantity  of  high-explo¬ 
sive  munitions  and  a  secret  cargo  of  approximately  100 
tons  of  American-made  mustard  bombs.  The  ship 
and  her  cargo  exploded,  and  any  crew  members 
who  might  have  known  of  the  seaet  cargo  were 
killed.  Many  casualties  weieexposed  tomustard  vaporand 
were  covered  with  mustard  mixed  witir  oil  (Figure  1-10). 

The  medical  personnel  who  received  the  casualties 
had  no  reason  to  suspect  chemical  agenb.  They  made 
no  attempt  to  protect  themselves  or  to  decontaminate 
their  patienb;  the  mixtureof  mustard  and  oil  remained 
on  their  skin  for  many  hours,  perhaps  even  days.  The 
patienb'  undiagnos^  clinical  states  aroused  suspi¬ 
cion  among  the  medical  personnel  that  something 
unusual  had  happened,  and  some  kind  of  chemical 
exposure  was  suspected.  Eye  injuries,  skin  erythema, 
and  blbters  were  noted  12  to  14  hours  after  the  bomb¬ 
ing.  Several  days  later,  an  investigating  medical  offi¬ 
cer  who  had  been  flown  in  from  England  used  clinical, 
epidemiological,  and  pathological  data  to  show  that 
exposure  to  mustard  had  occurred.  Of  the  617  known 
musbrd  casualties  among  military  and  merchant  ma¬ 
rine  personnel,  83  (13.6%)  died.  An  unknown  number 
of  civilian  casualties  also  occurred.  Of  the  military 
personnel  and  merchant  seamen,  the  significant  casu¬ 
alties— and  all  the  deaths— occurred  among  those  who 
had  been  completely  covered  with  the  mustard-and- 
oil  mixture.®*' 

Fifteen  nations  were  thought  to  possess  chemical 
weapons  in  1989  and  eight  more  were  suspected  of 
possessing  them.*’  Even  though  the  risk  that  a  super¬ 
power  might  be  the  first  to  use  chemical  weapons  was 
thought  to  be  remote,  some  nations,  like  Iraq,  had 
demonstrated  a  willingness  to  employ  them.  Further¬ 
more,  the  ease  of  concealment  of  chemical  grenades  or 
canisters,  and  the  psychological  impact  if  they  were 
used,  made  the  possibility  of  a  terrorist  chemical  attack 
worthy  of  consideration.*’ 

Also,  with  the  legally  mandated  destruction  of  the 
United  States'  old  chemical  stockpile,  the  likelihood 
that  an  accident  could  occur  increased  whenever  the 
agenb  were  moved,  manipulated,  and  incinerated.*"^ 
Chemical  agenb  have  been  manufactured,  stored,  and 
used  in  anger,  research,  and  training  since  World  War 
I,  both  in  the  United  States  and  abroad.  Many  times 
disposal  was  by  burial  in  unmarked  and  unrecorded 
sites;  there  havebeenanecdotalaiHl  documented  repotb 
of  unearthing  containers  of  chemical  agenb  at  CONUS 


21 


OcaiiHUioiiiil  Ikalth:  Tin’  SoUh'i  iiiul  llu-  Zihfr/sfr/it/ 


Fig.  3-10.  Tho  harbsir  nf  IJari,  li.ilv .  on  3  IXm-hiKt  144.3.  A  Ck’rm.Hi  atr  raid  late  in  theda\  on  2  IXiembiT  damagi-d  or  sinka  large 
nsinilx-r  of  in  the  allK\l-oo.npu\i  harKir,  including  the  SS  lolin  Ihinyy.  which  earned  about  HX)  tons  of  mustard  bombs. 
Vlustard  \  apor  in  the  smoke,  mustard  agent  mixed  xx  ith  oil  frcmi  the  danugexj  ships,  and  lac  k  ot  preparedness  for  dealing  v\  ith 
mustard  casualties,  re'sultexl  in  hundrexis,  c<r  e'xen  «hous.inds,  of  casualtieN,  13.h''.  of  tlie  hl7  mihtarx  and  merchant  manne 
casualties. dicxi  Sources.  (1)  Infield  C'.H  D^hlcr ,il  {tint.  Svw  3 ork.  .VlacTnillan,  1471,(2)  Alexanders!’.  Mcxiicalrc’port  ol  the  Ikin 
I  larbor  mustard  casualties.  MihUiry  ^ur^tvn.  1447,1(11.1  7.  Photograph.  Kepnntcd  with  permission  trom  Infield  C'.lk  fXsi.s/iT  a/ 
liitri.  New  'I'ork:  Maemillan;  1471. 


installations  and  American  ins'allationsoverseas.  Re¬ 
cently,  InindrcxJs  of  vials  of  chemical  agents,  dating 
back  to  the  early  l^.SOs  or  earlier,  were  found  at  !*ort 
I’olk,  Louisiana,  when  a  firing  range  was  excavated.’’ 

Medical  Education 

Enhanced  rc*spect  for  the  chemical  threat  and  inter¬ 
est  in  the  adcxjuac)  of  training  in  the  medical  manage¬ 
ment  of  chemical  casualties,  increased  dramatically  in 
the  late  l4S()s.  The  American  program  to  ciemilitari/e 
outdatcxl  chemical  stevks  bc-gan  asan  increasing  number 
of  countries  bivame  able  to  wage  a  chemical  war.^  In 
Febn'ary  14g7,  the  Technical  Inspections  Division. 
U.S.  Army  inspevtor  General  Agency,  publishc'd  the 
report  of  an  e\  aluation  of  medical  supf^ort  at  chemical 
storage  sites..  The  re^xirt  identificxl  a  lack  of  dcK trine 
and  lack  of  instilutionali/c\l  training,  \\  Inch  extendcxl 
bc’Vond  the  storage  and  demilitari/ation  mission.’'  In 
rc'sj.xinsc*.  The  Surgeon  General  of  the  arms  authori/c'd 
a  full-time  position  for  a  mcxiical  consultant  for  '•iirtiy 


pnivjniws,  and  tasked  the  consultant  to  addrcs.s  all  the 
identified  deficiencies  and  to  develop  and  ccHirdinate 
all  the  nec*ded  corrc'ctive  actions  with  the  various 
commands  involved.’'  Emphasis  was  immediately 
placcxl  on  developing  diK'trine  and  improving  the 
level  of  medical  readintsis  through  training. 

Work  on  dcKtrineand  official  guidance  for  Uittlefield 
and  nonbiittlefield  exposures,  to  chemical  threats  was 
invigc'rateci  and  Tlie  Surgeon  General  launched  and 
financed  a  cvinsolidated  program  of  training  for  mc*dical 
IXTsonnel."  The  U.S.  Army  Medical  Rcsx*arch  Instituteof 
Chemical  IX'fenseat  EcigewcxKl,  Marv  land,  had  offered 
an  outstanding  training  course  in  the  mcxiical  manages 
ment  of  chemical  casualties  for  many  ye’ars.  Thecourse's 
imfxict  was  limitexl  bcxauseit  was  not  funded  and  staffexl 
se'p.irate'ly,  but  was  taught  as  an  additional  mis.sion  on  a 
timesavailable  Ixisis  by  pevple  who  had  other  primary' 
duties.  Asa  result,  the  numbe'is  ot  students  trainexl  wem 
Uh)  small  to  mex't  the  amiy’s  luxxls.  1  lovvev  er,  using  this 
course  asa  mic  leus.  trainingat  I'dgewcHKi  w  asexp.mde'd 
and  plans  w  ere  initiatexi  for  a  high-cjuality ,  exportable 
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course;  training  of  certified  instructors;  special-applica-  recommendations  for  promoting  health  and 

tion  training  packages  to  meet  special  needs  (such  as  the  preventing  morbidity  and  mortality  are 

demilitarization  mission);  and  augmentation  blocks  of  AMEDD  responsibilities, 

instruction  to  be  used  in  other  existing  AMEDD  courses  •  And  second,  assessments  accomplished  for  the 
(such  as  the  Officer  Basic  Course).”  purpose  of  promoting  health  and  preventing 

morbidity  and  mortality  are  a  part  of  the 
Ethics  AMEDD  mission. 

Why  are  army  occupational  health  professionals  We  may  argue  that  medical  assessments  should  be 
involved  with  chemical  warfare  agents?  The  question  classified  or  controlled  so  that  access  is  restricted, 

has  been  asked  repeatedly.  Occupational  health  ad-  However,  except  in  cases  involving  national  security, 

dresses  the  protection  of  workers  and  the  prevention  restricting  access  can  cause  and  has  caused  difficulties, 

of  morbidity  and  mortality  from  all  hazardous  expo-  For  example,  the  right  to  know  about  actual  or  poten- 

sures,  including  chetricals.  The  principles  are  the  tial  exposures  may  be  violated,  and  acceptable  peer 

same,  regardless  of  why  an  individual  is  exposed.  review  of  the  assessment  may  not  occur.  An 

Defense  against  chemical  weapons— including  physi-  individual's  right  to  know  the  nature  and  extent  of  any 

cal  protection,  exposure  standards,  prophylaxis,  and  exposure  has  bren  well  established,  both  in  our  work- 

treatment — have  been  the  impetus  for,  and  a  ccntinu-  places  and  in  our  communities.  After  the  1986  Defense 

ing  part  of,  army  occupational  health.  Authorization  Act  was  passed,  interest  in  potential 

From  World  War  I  to  the  present,  the  offensive  and  exposures  from  the  production,  storage,  transport, 

defensive  aspects  of  chemical  production  and  warfare  and  destruction  of  chemical  agents  increased  dramati- 

have  never  been  clearly  distinct.'  At  times,  this  has  cally  among  scientists  and  the  lay  public.^  The  army 

created  a  moral  dilemma.  For  example,  a  medical  was  criticized  because  much  of  the  data  relating  to 

professional's  assessments  of  chemical  exposures  are  health  had  neither  been  published  in  the  open  scien- 

required  to  determine  the  need  for,  or  the  adequacy  of,  tific  literature  nor  been  made  available  to  the  public 

physical  protection,  prophylaxis,  and  treatment.  But  through  established  information  channels.  The  insti- 

unfortunately,  weapons  developers  may  also  use  such  tution  of  an  expert-panel  review  process  by  the  Cen- 

assessments  for  destructive  purposes.  AMEDD  has  ters  for  Disease  Control  in  Atlanta,  Georgia,  blunted 

maintained  two  positions:  this  criticism.”  Additionally,  all  unclassified  reports 

were  submitted  to  the  Defense  Technical  Information 

•  First,  identification  and  definition  of  potential  Centerand  theNationalTechnical  Information  System 

human  health  liazards  and  development  of  to  facilitate  public  access. 

ENVIRONMENTAL  HEALTH 

Thedefinitionofoccupational  health, slightly  modi-  Mission  and  Organization 
fied,  also  includes  environmental  health:  the  application 

of  medicine,  other  scientific  d  isdplines,  and  the  law  to  In  general,  AMEDITs  role  in  environmental  health, 

protect  all  people  facm  environmental  hazards  and  to  as  with  occupatiotral  health,  has  been  to  ia)  identify 

preserve  the  environment.'  (Dccupational  health  usu-  and  define  hazards  and  to  assess  the  risk  to  human 

ally  deals  with  workers  and  workplace  exposures,  health;  (6)  use  medical  meairs  (such  as  medical  screen- 

while  environmental  health  concerns  the  total  popula-  ing,  diagnostic  evaluations,  and  risk  assessment)  to 

tion  and  their  exposures  in  the  environment.  These  help  prevent  injury  and  illness  and  to  treat  and  reha- 
two  closely  relat^  fields  differ  regarding  bilitate  those  already  afflicted;  and  (c)  assist  com¬ 

manders  and  managers  in  communicating  risk  infor- 

•  the  demographic  features  and  the  health  status  mation,  eliminating  hazards,  and  reducing  morbidity, 

of  their  populations  of  interest.  Industrial  hygienists  and  safety  personnel  identify 

•  iheknowl^geoftheexposuresandtherelated  and  define  hazards  inside  the  traditional  workplace 

risks  in  those  potentially  exposed,  and  develop  recommendations  for  their  control;  envi- 

•  the  acceptance  of  the  risks  associated  with  ronmental  scientists  and  engineers  accomplish  these 

exposure,  and  tasks  outside.  Often,  occupational  health  profession- 

•  the  application  of  control  measures.  als  in  the  army  have  been  expected  to  make  the  transi- 
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tion  from  occupational  toenvironmental  health  when¬ 
ever  the  need  occurred.  Even  though  this  expectation 
may  seem  to  be  reasonable,  the  transition  is  usually 
difhcult.  Medical  surveillance  and  evaluation  mea¬ 
sures  for  worker  populations  are  unlikely  to  be  di¬ 
rectly  appl=  able  to  a  general  population  in  whom  not 
only  thedose,  duration,  and  routeof  exposure, but  also 
the  demographic  features  are  quite  different.  Addi¬ 
tionally,  even  though  risk  assessment  and  risk  com¬ 
munication  have  long  been  considered  an  important 
part  of  employee  health  programs,  they  took  on  differ¬ 
ent  persp^ves  and  greater  meaning  in  the  1980s,  as 
concerned  citizens' and  legislators  demanded  more 
precise  information  on  environmental  pollutants  and 
their  associated  disease  risks.  Army  physicians,  toxi¬ 
cologists,  and  other  occupational  health  professionals 
recognized  and  accepted  their  environmental  health 
roles  much  earlier  than  their  civilian  counterparts  did, 
and  acquired  their  expertise  through  on-the-job  and 
formal  training.  For  example,  environmental  health 
has  been  an  important  component  of  residency  train¬ 
ing  programs  for  physicians  at  the  USAEHA  for  de¬ 
cades. 

AMEDiys  role  in  occupational — and  {particularly 
environmental — health  were  questioned  during  orga¬ 
nizational  realignments  during  the  1980s.  Projxpsals 
were  made  to  remove  industrial  hygienists  and  envi¬ 
ronmental  engineers  from  AMEDD  and  place  them  in 
the  U.S.  Army  Safety  Community  and  the  Corps  of 
Engineers.  In  every  instance,  the  final  decision  was  to 
maintain  AMEDEXs  team  intact,  since  an  improve¬ 
ment  could  not  be  identified. 

Environmental  Program  Initiatives 

The  army's  interest  in  protecting  the  environment, 
paralleling  the  similar  interest  in  the  civilian  sector, 
has  increased  greatly  during  the  past  20  years.  This 
interest — due  to  legislation,  initiatives  by  army  leader¬ 
ship,  public  pressure,  and  s{>ecial  events  such  as  the 
demilitarization  of  our  aging  chemical  stockpile  and 
Pershing  missiles  under  the  Intermediate-Range 
Nuclear  Forces  (INF)  Treaty— resulted  in  the  follow¬ 
ing  programs:  (a)  the  LI5,  Army  Environmental  Pro¬ 
gram,  (b)  the  Installation  Restoration  Program  (IRP), 
and  (c)  the  Defense  Environmental  Restoration  Pro¬ 
gram  (DERP).^'"^'-^ 

The  US.  Army  Environmental  I*rogram  was  initi¬ 
ated  during  theearly  1970s  to  protect  natural  resources 
(air,  water,  and  land)  while  the  army  {performed  its 
missions.  The  scopn-  of  the  program  increased,  with 
some  shifts  in  cmpiiasis,  to  encompass  hazardous 
waste  (including  toxic  and  medical  waste),  noise,  ra¬ 
dioactive  waste,  radon  control,  and  asbestos  control.'* 


The  IRP  was  developed  in  1974  to  deal  with  envi¬ 
ronmental  contamination  from  toxic  and  hazardous 
materials  where  these  were  known  to  exist  and  where 
environmental  control  efforts  of  some  ty{>e  already 
existed.^  The  IRP  was  linked  closely  to  the  Resource 
Conservation  and  Recovery  Act  (RCRA)and  was  pri¬ 
marily  the  responsibility  of  the  Office  of  the  Chief  of 
Engineers  (CXTE).''^  The  Comprehensive  Environmen¬ 
tal  Response,  Compensation  and  Liability  Act 
(CERCLA)  of  1980,*"  also  known  as  the  Superftind  Act, 
and  theSufPerfund  Amendments  and  Reauthorization 
Act  (SARA)  of 1 986*"  prompted  efforts  to  clean  up  much 
older,  hazardous-waste  sites  on  active  army  installa¬ 
tions.  With  the  {Passage  of  these  two  acts,  the  IRP's 
mission  was  greatly  expanded  and  the  army's  envi¬ 
ronmental  effort  b^ame  part  of  DERP.  The  funding 
that  was  available  through  the  Defense  Environmental 
Restoration  Account  (DERA)  facilitated  this  effort. 

Army  sites  identified  for  major  environmental 
cleanup  were  required  to  have  a  Health  Risk  Assess¬ 
ment  (HRA)  Re|Port.“  The  OTSG,  with  support  from 
the  USAEHA  and  the  U.S.  Army  Medical  Research 
and  Development  Command  (USAMRDC),  was  in¬ 
volved  in  the  preparation  of  selected  HRA  refports  and 
reviewed  (XTE  contractor-generated  reports.  The  US¬ 
AEHA  also  provided  help  and  conduct^  on-site  stud¬ 
ies  to  deal  with  S{Pecial  problems.'*’  During  the  period 
November  1988  through  January  1990,  the  army  docu¬ 
mented  sa  vingsof  $1 9.6  million  as  a  result  of  AMEDI^s 
involvement  in  the  environmental  effort;  the  potential 
savings  may  reach  $128.4  million.'*’""'  Approximately 
200  C)CE  contractor-generated  HRA  reports  were  re¬ 
viewed;  nearly  one-half  of  them  were  unsatisfactory, 
containing  errors  that  would  have  been  extremely 
costly  because  unnecessary  or  inappropriate  work 
would  have  been  {performed  in  cleaning  up  the  envi¬ 
ronment.  Additionally,  quick  responses  to  {Potential 
problems  (eg,  workers'  complaints  regarding  illnesses) 
averted  serious  outbreaks  of  diseases  and  consequent 
adverse  publicity.'*’^' 

The  INF  Treaty,  an  agreement  betv/een  the  USSR 
and  the  United  States,  became  effective  on  1  June  1988. 
This  treaty  required  that  Pershing  missiles  be  elimi¬ 
nated  and  s{pecif]ed  that  solid-fuel  rocket  motors  be 
destroyed  by  demolition,buming, or  launching.  Static 
firing  (ie,  firing  the  rocket  motors  while  they  are  bolted 
horizontally  to  a  fixed  firing  stand  on  the  ground)  was 
selected  as  the  primary  means  of  destruction.  The  air 
emissions  from  the  perchlorate-based  propellant  were 
primarily  hydrogen  chloride,  aluminum  oxide,  nitro¬ 
gen,  carbon  monoxide,  and  carbon  dioxide.*" 

Coordination  of  and  discussions  regarding  prelimi¬ 
nary  testing  and  eventttal  destruction  of  the  Pershing 
missiles  involved  several  groufps.  AMEDD  partici- 
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pated  in  the  early  testing  to  ensure  that  the  data  col¬ 
lected  would  be  adequate  for  making  health  assess¬ 
ments.  With  assistance  from  the  Committee  on  Toxi¬ 
cology  of  the  National  Academy  of  Sciences,  guidelines 
for  exposure  of  the  general  population  to  rocket-motor 
combustion  products  were  established,  and  inquiries 
from  governmental  agencies  and  concerned  citizens 


about  the  basis  for  and  acceptability  of  the  guidelines 
were  answered.*’'*^  Since  the  INF  Treaty  required 
verifiable  destruction,  both  sides  exchanged  observ¬ 
ers.  The  AMEDD  was  also  involved  with  the  INF 
Treaty  by  providing  health-risk  information,  educa¬ 
tion,  and  prophylaxis,  when  indicated,  to  American 
observers  stationed  on  Soviet  soil. 


SUMMARY 


Occupational  health  in  the  army  evolved  with 
America's  interest  in  occupational  health.  Before  World 
War  I,  American  disinterest  in  employee  health  in 
civilian  industries  was  mirrored  in  the  military,  but 
the  threats  posed  by  the  manufacture  and  enemy  use 
of  chenucal  warfare  forced  AMEDD  to  become  in¬ 
volved  with  the  health  and  safety  of  workers  in  gas- 
producing  and  gas-defense  plants.  The  war  effort 
stimulated  the  development  of  the  American  chemical 
industry,  with  a  concomitant  increase  in  attention  to 
the  workers'  health.^ 

Between  World  Wars  I  and  II,  army  leadership  lost 
sight  of  the  value  of  employee  health  programs.  As 
World  War  II  approached,  however,  they  quickly  rec¬ 
ognized  that  industrial  medical  services  were  needed 
in  the  wartime  industries  and  that  new  equipment 
like  the  modem  tank  exposed  soldiers  to  unusual  and 
militarily  unique  hazards.  The  civilian  sector  fur¬ 
nished  trained  experts  and  facilities  to  the  ill-prepared 
army. 

Aided  by  the  USPHS,  AMEDD  implemented  and 
monitored  many  successful  programs  that  supported 
both  soldiers  and  civilian  employees,  product  pio¬ 
neering  contributions  to  both  military  and  civilian 
occupational  health,  and  documented  the  effective¬ 
ness  of  the  wartime  industrial  medical  services.  Fortu¬ 
nately,  the  army  did  not  forget  about  occupational 


health  after  World  War  II.“ 

More  workplace  services  became  available  after  the 
1970  OSHAct  was  passed.  The  massive  equipment- 
modernization  program  during  the  1980s  called  new 
attention  to  soldiers'  militarily  unique  exposures,  and 
as  antiquated  chemical  weapons  were  demilitarized 
and  new  chemical  warfare  agents  were  produced, 
AMEDD  was  required  to  identify  and  describe  envi¬ 
ronmental  hazards  and  to  protect  soldiers  and  civil¬ 
ians  with  potential  exposures  to  poisonous  military 
chemicals. 

The  army  directed  critical  resources  and  great  effort 
to  occupational  health  programs  because  the  need  for 
them  was  significant  and  often  related  to  national 
defense.  History  has  demonstrated  that  the  army's 
occupational  and  environmental  health  programs  must 
be  able  both  to  meet  the  needs  of  the  time  and  to  serve 
as  the  framework  for  rapid  expansion  during  mobili¬ 
zation.  Relying  on  nonmilitary  experts  in  future  na¬ 
tional  crises  requires  that  AMEDD  develop  and  main¬ 
tain  strong  ties  with  the  civilian  occupational  and 
environmental  health  communities  and  foster  those 
experts'  professional  growth  and  development. 

Equally  important,  AMEDD's  peacetime  occupa¬ 
tional  and  environmental  health  programs  mu.st  never 
be  weakened  to  the  degree  that  they  no  longer  provide 
a  framework  for  mobilization. 


The  author  thanks  Robert  J.T.  Joy,  M.D.,  for  his  critique  and  assistance  during  the  preliminary  phase  of  the 
development  of  this  chapter. 
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Occupational  Health:  The  Soldier  and  the  Industrial  Base 


INTRODUCTION 


The  U5.  Anny  developed  occupational  health  ser¬ 
vices  during  World  War  II  in  response  to  the  need  to 
maintain  productivity  in  the  dirilian  workforce.  Pro¬ 
grams  were  continued  after  the  war,  based  primarily 
on  the  army's  recognition  that  the  manufacture  and 
use  of  modem  weapons  pose  signiftcant  and  unique 
hazards  to  the  health  of  those  who  use  them.  Thearmy 
also  recognizes  that  its  civilian  workforce  is  little  dif¬ 
ferent  from  the  workforce  in  other  irvlustries,  and  that 
the  health  of  its  employees  must  be  protected— both  to 
safeguard  productivity  and  to  meet  its  legal  and  moral 
obligations  to  those  employees. 

Two  major  factors  influence  the  occupational  health 
needs  of  the  army:  the  hazards  associated  with  being 
a  soldier,  traditionally  the  basis  for  deflning  military 
medicine;  and  the  nature  of  the  army  as  a  large,  multi¬ 
faceted  industry,  the  basis  for  that  specific  part  of 
military  medicine  that  is  occupational  health.  How¬ 
ever,  before  occupational  health  in  the  army  can  be 
described,  the  army's  occupational  health  ne^s  must 
first  be  defined.  This  can  only  be  done  by  examirung 
the  army  not  as  military  organizatioi\ — with  its  mis¬ 
sions  of  readiness  (being  ready  for  war),  truMhalkm 
(assembling  and  preparing  for  war),  deptoyment  (as¬ 
suming  a  strategic  position  in  v/ar)  and  sustainment 
(supplying  the  materiel  and  manpower  necessary  to 
prosecute  a  continuing  war) — but  as  an  industry.  It  is 
even  more  important  to  understand  how  mobilizing 
the  industrial  base  influences  the  army's  occupational 
health  needs. 

As  an  industry,  the  U5.  Army  is  a  multifaceted 
conglomerate  with  over  1  million  employees.  All 
types  of  industry  are  represented:  manufacturing, 
engineering,  maintenance,  supply,  construction,  en¬ 
ergy,  service,  and  knowledge.  While  base^upport 
operations  must  be  considered  in  determining  the 


occupational  health  needs  for  a  given  installation,  far 
more  importanf  is  the  installation's  mission  (its  prod¬ 
uct)  The  nahire  of  the  product  often  has  little  to  do 
withthebase'sindustrialoperations.  For  example,  the 
nussion  of  the  Training  and  Doctrine  Command 
(TRADCXZ)  installations  includes  training  (a  major 
product  of  Fort  Berming,  Ckorgia,  is  trained  para¬ 
troopers);  the  mission  of  the  Forces  Command 
(FORSCOM)  installa.  Ions  includes  readiness  (a  nrajor 
product  of  Fort  Campbell,  Kentucky,  is  an  air-assault 
division  ready  to  go  to  war).  Usually,  an  mstallation's 
mission  is  the  major  determinant  influencing  the 
healthcare  services  that  the  Army  Medical  Depart¬ 
ment  (AMEDD)  provides  to  that  installation.  Most 
FORSCOM  installations  are  large  and  have  correspond¬ 
ingly  large  dependent  and  active-duty  populations, 
and  therefore  require  a  full-service,  military-commu¬ 
nity  hospital.  The  occupational  health  services  pro¬ 
vided  to  the  civilian  aiad  military  workers  involv^  in 
traditional  industrial  operations  are  a  very  small  part 
of  these  installations'  total  healthcare  system.  Usually, 
the  state  of  readiness  dictates  the  level  of  healthcare 
that  is  provided  to  any  installatioit. 

But  every  rule  has  at  least  one  exception.  Inthecase 
of  the  relative  importarKe  of  iixiustrial  (Operations  to  an 
army  installatkm's  mission,  that  exception  is  the  US 
Army  Materiel  CbmmatKi  (AMO.  The  army's  'Indus¬ 
trial  base"  refers,  for  the  most  part,  to  the  AMC  Because 
only  two  AMC  installations,  Redstone  Arsenal  and  Fcnt 
Mcmmouth,  have  sufficient  active^iuty  pc^rulations  to 
recpiire  commimity  hcepitals,  relatively  kw  army  medi¬ 
cal  personnel  are  ever  asggned  to  AMC  installations; 
therefore,  few  in  AMEIX)  are  familiar  with  the  AMC 
Before  the  ocaipational  holth  needs  of  thearmy  can  be 
uirdeistood,  the  AMC,  its  operations,  arid  its  products 
— the  army's  industrial  base — must  be  d&cribed. 


THE  U.S.  ARMY  MATERIEL  COMMAND 


The  AMC,  headquartered  in  Alexandria,  Virgirua, 
was  formed  in  19^  with  the  amalgamation  of  the 
army's  technical  services:  ordnance,  transportation, 
the  (Tuartermaster  corps,  the  signal  corps,  the  cheirdcal 
corps,  arid  the  Corps  of  Engineers.  (The  reorganiza- 
tiondid  not  change  the  identity  of  the  iiulividual  corps; 
it  combined  the  services  that  had  previously  b^n 
provided  by  the  individual  units  within  those  corps.) 
The  overall  mission  of  the  command  Is  to  support  the 
US.  Army,  the  US.  Army  Reserve,  and  the  US  Army 


National  Guard  through  nrateriel  systems  research, 
development,  acejuisition  (mduding  manufacturing 
of  some  items),and  maintenanceof  materiel  readiness 
and  reserv'e  materiel  storage.  Although  the  AMC  has 
undergone  major  reorganization  since  the  Comnumd 
Briefing  used  in  May  1992  v.tas  written,  the  briefing 
papers  still  detail  specific  portions  of  the  AMCs  mis- 
si(m  (Table  2-1). 

The  AMC  workforce  is  composed  primarily  of  civil¬ 
ian  employees,  with  approximately  10  Department  of 
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TABLE  2-1 

ARMY  MATERIEL  COMMAND  MISSIONS 


Mission 


Fnndicn 


Santpie  Output/Acconplishinenls 


1-  Equip  and  susUin  a  trained,  ready  anny 


Determine  supply  and  mainlenanec  needs  of  soldiers 
Beld  new  systems 

Manufacture  and  procure  ammunition 
rrocure,  store,  and  distribute  spares,  tools,  and  other 
supplies  to  maintain  equipment  readiness 
Manage  and  perform  de^  nuintenanre 


Perform  postdepJoymenl  software  engineering 

Calibrate  and  repair  test  equipment 

Provide  technical  assistance  and  training  to  the  field 
Dispose  of  unusable  equipment  supplies,  and 
munitions 


Support  otlier  US.  goverrunent  agencies 


$3.2  billion  aruiua!  army  stock  fund  program 
35  PEO  and  71 AMC  systems  fidded 
rounds 

Bli  32  million  requisitions 

97S0Q  nujor  items  rebuilt  and  repaired 
■116,000  secondary  Items  rebuilt  and  repaired 
SIS  billion  funded  depot  maintenance 
program 

S^  ntillion  program  for  software  engineering 
52  million  Ibics  of  code 
685X100  items  calibrated 
7'1000  items  repaired 

1200  logistics  assist'.^  specialists  worldwide 
Screen  $12  biilico  in  supplies  for  non-OoD 
users 

Dispose  of  $8  million  in  screened  excess 
supplies 

Law  ^orcement  treaty  compliance,  and  so 
forth 


2  Provide  equipment  and  services  to  other 

rations  through  the  security  assistance 
program 


3.  Detriop  ara!  acquire  nonsiuior  systems 
andmunitioRS 


4.  Provide  deveiepment  and  acquisition 
support  to  program  marugers 
(PE05.PMS) 


Prepare  and  present  FMS  total  package  letters  of  offer 


Manage  acquisition  and  delivery  of  materiel  and 
services 

Marage  system  fielding,  training  assistance,  ara) 
fcdkrw-on  logistics  support  for  allies 

Manage  customer  program,  perform  financial  control 
and  conduct  reviews 

Develop,  negoliattv  and  mcmilor  coproduction 
agreements 

Maruge  commercial  export  licetrses  for  the  army 

Develop,  test,  and  evaluate  equipment,  systems, 
and  munitions 

Manufacture,  procure,  and  test  equipment  and 
systems 

Prrrvide  software  engineeTing  support 

Provide  foe  rturugement.  engineering,  productioo, 
and  testing  infrastructure 

Support  ether  goverrunent  agencies 


Fadlitatr  the  transition  of  future  systems  and 
munitions  to  and  from  PEO  management 
Provide  tunctiofu)  support  to  augment  PGO/PKf 
offices 

Provide  genera]  functional  suppoft 

Provide  software  cnginccTing  support 

Provide  for  maiugement,  etigineccing,  producticn. 
and  testing  infrastructure 


7X100  projects  currently  managed  for  other 
countries 

500X100  requisitions  per  year 
$445  billion  value  current  program 
$24.1  billion  undeliveted  oriers 
142  training  teams  in  FY 1990 
Follow-on  support  cases  worth  over  S3  billion 
to  support  «^t  the  U2.  sdls 
124  countries  and  intenutional  organizations 

$23  billior  value  for  23  programs 

6X100  export  licenses  reviewed  in  FY  1990 

75  systems  (does  not  include  munitions) 

197  systems  currently  funded  and  at  AMC 
IPRIevxX 

4  software  centers  support  o-.er  300  systnc» 
10  lest  centers  conduct  technical  testing 

Drug  Enforcement  Agency  ccxmnunicalion 
and  lughi-vision  equipment 
Ammunition  procurement  for  other  services 

9  systems  from  PEO  to  AMC  in  1991 

lOPEOsand  117PMS 

Procurement  legal  engineering,  htiegrated 
logistic  support  (US) 

3  Kfe^yde  software  engineering  centos 
support  PEO  .ASM 

AM^A.  Vyhitc  Sands  Missile  Ranges 


5.  Define,  develop,  a.nd  acquire  superior 
technologies 


Identify  technology  requirements  for  the  future  army 
Demortstrale  advanced  technotogis:  fadlitale 
technology  transition/msertion 
Conduct  and  sponsor  basic  research  and  cxploratoy 
development 

Influence/levrragc  independently  funded  U5.  and 
foccigr.  basic  rzscarch  and  ecptmtoiy  development 
S'.'pport  PEO/Ph!  and  Army /OSD  with  tcdmology 
arid  technkal  assessments 
Provvle  technical  advice  and  counsel 


Technology-based  msster  plan 
Rotorcrafl  pilot's  associate 

^  university  contracts  and  gtanfs— $89 
million 

45  nUiD  reviews 
MOUswith  ITOccuntries 
610  tfchnolqgy-based  works  packages 
161  PMs  supported 

Soldicr-asa-system  teehrxilogy  assessment 
AMC  FAST  program 


31 


Occupational  Health:  The  Soldier  and  the  Industrial  Base 


Table  2-1  (continued) 


Mission 


6.  MamUin  the  mobiiuMlicn  capabilities 
nixcssary  to  support  Ihf  army  in 
cm-.n;cncics 


7  Continue  to  imponv  produclivity  and 
quality  of  tifr 


Function 


Sample  Ouiput/Accomplishments 


Support  other  national  initiatives 

Provide  a  research  and  dewlopmeni  infrasiructune 

Desvktp  and  lest  mobilization  and  contingency  plans 

Vtaintain  standby  supply  depot  capacity 

Maintain  standby  depot  maintenance  capacity 

Maintain  inactive  ammunition  plants  and  lest 
facilities 

Maintain  standby  arsenal  capacity 

Maintain  tear  reserve  stocks 

Maintain  a  manufacturing  capaaly  to  meet  the 
threat  of  war 

Augment  government  production  facilities  to  meet 
wartime  needs 

Prvivide  logistics  training  for  active  and  rtsene  units 

Ntake  produetmly-cnhanemg  capital  investments 

Modernize  industrial  and  RDT&E  facilities 

Implement  hiizl  quality  management 

Comply  veilh  EPA  and  state  it  gulalions 

Achievv  quality  conditiixu  in  the  workplace  and 
living  quarters 

Operate  iirstallationsand  facilities  efficiently 


Maintain  a  valued  and  respected  workforce 
Provide  command  and  control 


Outreach  programs  to  minorities  and  women 
Youlh-in-scicnce  research  and  engineering 
apprenticeship  program 
Ensure  adequate  training  of  scientists  and 
engineers 

tVvcIoped  and  shipped  3  theater-level 
sustainment  packages  for  Desert  Storm  that 
involved  5JS70  requisitions  for  a  total  of 
SI35  million 

Ammunition  storage  capacity  plants  Ib9a)0O 
ft^  total  covered 
Depots  419X100  ft’  toUl  covered 
390X100  items  for  depot-level  work  for  the 
remainder  of  FY 1991 

Maintenance  of  liuctive  industrial  facilities — 
567A  million  FY  1991 
10  inactive  atmy  ammunition  plants 
Rock  Island  Arsenal  has  IS't  layaway 
capacity 

Walervliet  Aiseiul  has  3I(  layaway  capacity 
Number  of  pieces  of  equipment  being 
retained  Is  1,986 

66**  of  worldwide  ammunitions  requirements 
on  hand 

106XX)0  secondary  items  for  war  reserves 
Layaway  of  industrial  facilities 
WTCV  SX32  million  FY  1995 
AMMO  S2Z2  million  FY  1991 
Production  base  support  protects  to  provide 
production  facilities  not  commercially 
a  vaibbic  for  a  total  of  S4432  million 
Prvvidc  training  sites  for  approximately  285 
reserve  component  units  that  involved 
65X100  person  ebys 

LOGSPARS  ($2.7  million)  with  5150  millicn 
annual  savings 

SATCOM  mission  facility  <S6.4  million)  with 
$2.4  million  annual  savings 
$61.6  million  MCA  program- 
Toxicology  research  facility  ($33  0  million)  at 
APC 

Ditevied  energy  weapons  bb  ($14.4  million)  at 
Redstone  Arserul 

Over  555  of  HQAMC  managers  have 
received  TQM  training 
Over  800  process  action  teams  within  AMC 
and  the  number  is  glowing  daily 
£83  million  fur  environmental  eomplbnce  FY 
1990  (clean  water,  clean  air,  waste  water) 
$124  million  for  environmental  restoration  FY 
1990  (tlAZMIN,  site  cleanup) 

Yuma  and  Selfridge  winners  in  Army 
Communities  of  Excellence  competition 
568  million  productivity  investment  fund 
iPIRalTOAD 

S268.4  million  RPMA  programs  fRDTE.  DMA) 
OXK;  energy-reduction  goal 


AMS.AA: 

Army  Nbtrriel  Systems  Analysis 

IPit 

in-process  review 

PM: 

Program  Maruger 

Agency 

IRAD: 

in-process  research  and  development 

RPMA: 

real  property  maintenance  activity 

APC: 

Ahcrdcen  Proving  Ground 

LOGSPARS: 

Lo^kSv  rbnning,  and  Requirements 

ROr&E: 

research,  devxk^iment,  test,  and 

ASM: 

automated  system  managcnKut 

Simplification  System 

evaluation 

FAST: 

field  assistance  in  science  and 

MCA: 

military  construcrion.  Army 

TOAD: 

Tobyharau  Atmy  Depot 

technology 

MOU: 

memorandum  of  undersbnding 

TOtA: 

total  quality  numagement 

FMSc 

foreign  military  sales 

OSO. 

Office  of  the  Secretary  of  Defense 

wrev: 

weapon  and  tracked  combat 

IIAZMIN: 

hazardous  waste  minimization 

PEO 

Prr.gram  Executive  Officer 

vehicle 

Source;  Briefing  Papers  Army  Nblcrid  Command  Headquarters,  Alevandrix.  Va:  1991, 


32 


Mobilizing  the  Industrial  Base 


Personnel 


Fig.  2-1.  Since  it  was  organized  in  1%2,  the  number  of  employees  of  the  Army  Materiel  Command  has  steadily  decreased 
(except  of  course  during  the  Vietnam  era).  This  decline  is  projected  to  continue  through  1995. 


the  Army  Civilians  (DACs)  for  each  active-duty  sol¬ 
dier.  However,  the  actual  size  of  the  conuitand  is 
changing  rapidly  under  the  army's  planned  down¬ 
sizing  (figure  2-1).  For  example,  in  May  1990,  AMC 
personnel  consisted  of  approximately  100,0(X)  DACs 
and  10,000  active-duty  soldiers;  by  May  1992,  the 
workforce  had  shrunk  to  fewer  than  90,000  DACs  and 
8,000  active-duty. 

Dehning  the  size  of  the  AMC  by  looking  at  the  size 
of  the  Department  of  Defense's  (DoEKs)  peacetime 
workforce  can  be  misleading.  There  are  actually  three 
types  of  AMC  industrial  activities: 

•  Government-owned,  government-operated 
plants.  Theseareslaffed  by  federal  employees, 
and  are  owned  and  operated  by  the  AMC. 
Anniston  Army  Depot  in  Anniston,  Alabama, 
is  an  AMC  government-owned,  govemment- 
of>erated  plant. 

•  Government-owned,  contractor-operated 
plants.  These  physical  facilities  and  their 
missions  and  products  are  owned  by  the  AMC, 
but  the  plant  is  operated  by  employees  who 
work  for  a  plant  contractor.  Sunflower  Army 
Ammunition  Plant,  at  D^to,  Kansas,  (2 
military,  24  DACi,  and 697 contract  employees) 
is  an  active  government-owned,  contractor- 
operated  plant. 

•  Contractor-owned,  contractor<^)eTated  opera¬ 
tions.  Private-sectormanufacturersbuild,own, 
and  operate  these  plants,  and  sell  the  specified 
products  directly  to  the  AMC.  An  example  of 
a  contractor-owned,  contractor-operated  op¬ 


eration  is  the  Defense  Logistics  Agency  (DLA) 
contract  with  BMY  Harsco  Corporation, 
Maryville,  Ohio,  for  the  manufocturing  of  the 
M914  series  heavy  utility  trucks. 

These  distinctions  are  very  important  because  the 
type  of  industrial  plant  is  a  major  determinant  of  the 
type  of  occupational  health  services  that  AMEDD  is 
(^ligated  toprovidetoplantemptoyees.  Thisdistinction 
is  discussed  in  detail  in  Chapter  3,  Army  Health  Pro¬ 
grams  and  Services.  AMEDD  provides  medical  sup¬ 
port  only  to  government-owned,  government-oper¬ 
ated  installations. 

During  the  summer  and  fall  of  1992,  the  AMC 
underwent  a  major  reorganization.  The  AMC  is 
currently  organized  into  a  headquarters  element  and 
IG  major  suterdirvite  commands,  figures  2-2  and  2-3 
and  Exhibit  2-1,  which  are  from  the  September  1992 
AMC  Comnaand  Brief,  depict  the  cemntand  organi¬ 
zation,  location  of  subcorrunittee  headquarters,  and 
major  missions. 

Each  major  subordinate  command  has  itsown  areas 
of  responsibiliy,and  is  further  divided  into  subordinate 
commands,  whichcomprisethedepots,ar5enals,prov- 
ing  grounds,  laboratories,  ammunition  plants,  tank 
factories,arKl  activities.  TheAMCisalsoresponsiblefor 
anumberofseparatereportingactivities(SRAs),  which 
include  schools  such  as  the  US.  Defense  Ammunition 
Center  and  School;  and  centers  for  packaging,  storage, 
and  containerization.  Discussing  the  AMC  organiza¬ 
tion  as  of  Sq>tember  1992  is  fraught  with  difficulties. 
Quite  simply,  due  to  army  down-sizing,  the  AMC 
organization  structure  is  corrstantly  changing.  Major 
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AMCCOM:  Armament,  Munitions,  and  Chemical 

MICOM: 

Missile  Command 

Command 

SRA; 

Separate  Repotting  Activity 

ATCOM:  Aviation  and  Troop  Command 

CECOM:  Communications-Electronics 

STRICOM: 

Simulation  Trainirvg  InstrumentaL'on 
Command 

Command 

TACOM: 

Tardt'Automolive  Commartd 

OESCOM;  Depot  System  Command 

TECOM: 

Tost  and  Evaluation  Command 

LABCOM:  Laboratory  Command 

USASAC: 

Security  Assistance  Command 

Fig.  2-Z  The  organizatioiMl  structure  of  the  Army  Materiel  Command  as  of  September  1992. 


restructuring  activities  include  combining  the  seven 
laboratories  under  theformerLABCOMinto  the  Army 
Research  Laboratory,  similar  to  the  combining  of 
DESCOM  and  AMCCOM  (which  is  discussed  later  in 
this  chapter).  As  of  September  1992,  AMC  activities 
consisted  of  139  organizationsdOnujwsubccmmands), 
43  program  management  offices,  29  separate  reporting 
activities,  3  arsenak,  17  depots,  4  proving  grounds,  7 
laboratories,  and  26  ammunition  plants,  which  are 
located  at  66  installations  in  40  states  and  6  countries. 

In  1973,  army  leadership  almost  totally  redirected 
its  mechanisnis  for  weapons  development,  tttanufac- 
ture,  arrd  acquisition,  giving  virtually  all  these  resporv- 
sibilities  to  the  AMC.  TRADCXT  became  responsible 
for  the  development  of  doctrine  atKl  combat  cotKeprts 
for  new  nnateriel.  TRADOC  is,  therefore,  responsible 
for  recognizing  a  perceived  enemy  threat  and  deter¬ 
mining  what  weapon  capabilities  are  needed  to  ad¬ 
dress  that  threat  These  n^s  are  then  communicated 
to  AMC,  the  command  with  the  responsibility  for 
trarrslating  requirements  into  acquired  materiel. 


Once  TRADOC  formulates  the  materiel  require¬ 
ments,  the  concept  can  progress  through  the  research 
and  development  stages.  Until  1987,  thecommanding 
general  of  the  AMC  was  the  authority  for  weapons 
development;  however,  a  major  shift  was  madegiving 
decision-making  authority  to  an  individual  in  the  ci¬ 
vilian  defense  acquisition  sector,  who  would  have 
undisputed  authority  over  the  process.  The  oversight 
for  the  development  of  weapons  systems  has 
merged  into  a  single  Industrial  Operations  Command, 
whidi  will  oversee  base  realignment  and  structures 
(Exhibit  2-2).  llte  AMC  !S  projected  to  be  reorganized 
in  19%  (Figure  2-4). 

The  oversight  for  the  development  of  weapons  sys¬ 
tems  has  been  divided;  the  assistant  secretary  lT  the 
army  for  research,  development  and  acquisition 
(SARDA)  administers  major  systems,  which  are  de- 
fmed  as  those  costing  more  than  $200  million  for 
research,  development,  testing,  and  evaluation;  or  $1 
billion  for  procurement;  the  AMC  administers  the 
minor  weapons  systems.'  Theresearch,development, 


Fig.  2-3.  Tin-  liKalion  <>l  tlu*  Arnu  M.^loriol  C 

.ind  tilting  to  prodiKc  a  uca}‘K>ns>\  stem  ma\ 

bo  anomplisiiod  In  a  sulH>rdinato  lommanJ  of  tlio 
AMC,  b\  a  ^.ontrai.  tor,  or  In  a  itimbination  t>f  tbo  two. 
(1iKo tlu  slom  is fiokiod,  tlio  AMC  pro\ idos mainto- 
namoassisi.uKo,  ina)oro\orhaul,and  niodorni/ation. 

Although  A\11!DD  is  rosponsiblo  for  pro\  iding  oi  ■ 
oupational  hoalth  sorviiu-s  loall  of  tho  .AMC,  two  major 
subordinato  commands,  DHSCOM  and  AMCCX3M, 
ha\o  rov]uirid  moro  modiial  sor\  uit-duo  to  thoir  si/o 
and  tlu  iiaturo  ol  'hoir  missions.  Thoso  two  warrant 
dotailod  dis-.ussion,  as  doos  tho  AMC  Command 
Siirgoon's  (.iffioo. 

Depot  Systems  Command 

DliSC(3M,  hoadi)uarton.\l  at  i.ottorkonny  Army  IX'- 
pot.  Chamborsburg,  I’onnsylvania,  administers  an 
annual  ofu-rating  budget  ot  approximately  S2.t  bil¬ 
lion.  Tiu-so  rv-stnini-s  are  deduated  ti>  enhaiuing  tho 
arnn's  readiness  through  oxerhauiing,  repairing, 
moditxing.  xoiuerting,  storing,  and  distributing  as 
signal  lommoditios  for  tho  .\MC,  tho  IX’fensi'  l.ogis 
til  s  .Agoiu  \ .  tho  C.onoral  Sorv  u  es  Administration,  and 
othorsuppliors.  DCSCOM'smaintenaiuemission holies 
to  sust.iin  tho  readinoss  not  onl\  of  exerx  unit  in  tho 
arnu  but  of  the  other  si.t\  ui-s  as  well  (f  igure  2-^i. 

DF'X'OM  is  tho  largi'st  major  subordinate  lom 
mand  oi  tho  L.S.  ,\rnn  Materiol  C  ommand.  It  lom 
prisi-s  .ihnost  33',  ot  AMC  jvrsonnol  assets.  With 


ointn.ind  1  ioadiiiiarlors  ,is  ol  Sopteinbor  inu2. 

moro  flian  2S,(K)l)ompIo\  eos— most  ol  thenu  i\  ilians 
at  17  installations,  DliSCClM  is  oi]ui\alont  to  tho 
country's  S.3th  largi'st  corporation.  Df-SCOM  has 
lommand  and  control  of  1 1  depots,  ('depot  activities, 
and  1.3  other  locations  throughou!  tho  continental 
Lnitod  States  (CONLS),  Ciormain,  and  South  Korea 
(l-iguro  2-h). 

As  part  ol  the  Base  Closure- and  Keahgnmont  I’ro- 
cc'ss,  Dl'SCCM  w  ill  bo  transtormod  into  tho  L  .S.  Arnu 

Industrial  OfX'rationsCommanddurmg  tho  mid  l‘W( Is. 

It  will  merge  with  tho  munitions  portion  of  tho  L.S. 
Army  .Armaments.  Munitions,  and  Chemical  Com¬ 
mand  at  Kink  Island,  Illinois,  to  streamline  lunctions 
lor  industrial  opi'ratioiis  within  tho  army.  Other 
cliangc's  to  tho  organic  industrial  base  are  iikolv. 

Anniston  Arinif  Dcfiot 

Anniston  Arnu  Doj.x>t.  Anniston.  .Alabama,  is  tho 
prime  depot  for  tho  maintonaiuo  of  traikod  combat 
vehicle's  and  thnr  conijumonts,  small  arms,  and  land 
combat  missile's,  the  Arnu  Tactual  Missile  Svstem, 
and  tho  Lind  Combat  Support  Svstem.  .Anniston's 
earlv  involvement  as  the  Ceiiti'r  ot  Tc-chnual  Txcel- 
loiuo  m.ido  It  the  load  depot  lor  tho  Ml  .Abrams  tank. 
The  depot  also  stc'rc's,  maintains,  distributes.,  and  lie- 
militari/c's  ammunition,  missile's,  and  toxu  .homual 
munitions.  ,\nnislon  ju-rsonnol  aNci  ri'pair  elixtro- 
optii's  and  small  arms  (i-iguro  2-7). 
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EXHIBIT  2-1 

MAJOR  MISSIONS  OF  ARMY  MATERIEL  COMMAND  HEADQUARTERS* 

AMC  Headquarters,  Alexandria,  Virginia 

Provides  hinctiotral  support  such  as  legal  assistance  and  infrastructure  management 

CECOM,  Fort  Monmouth,  New  Jersey 

Proponent  for  all  Communication-Electronic  Programs 

TECOM,  Aberdeen  Proving  Ground,  Maryland 

Tests  and  evaluates  all  types  of  equipment,  from  small  soldier  items  to  major  weapons  systems 

Army  Research  Laboratory  (previously  LABCOM),  Adelphi,  Maryland 

Exercises  cotiunand  and  control  over  all  army  research  laboratories;  focuses  on  research,  exploratory 
development,  and  analysis 

USASAC  (collocated  with  AMC  Headquarters) 

Proponent  for  all  foreign  military  sales;  receives  functional  support  from  the  Program  Manager  (PM)  and 
Pro^m  Executive  Officer  (PEO)  ofhccs  on  specific  weapon  systems 

STRICOM  (previously  PM;  Trade  and  PM;  Irutrumentation,  Target,  and  Threat  Simulation  ll  lTSl);  Orlando, 
Florida 

The  army's  focal  point  for  simulation,  training,  and  instrumentation 

MICOM,  Redstone  Arseiuil,  Huntsville,  Alabama 

Manages  the  development,  acquisition,  fielding,  and  sustainment  of  all  army  missile  systents 

ATCOM,  St.  Louis,  Missouri 

Focuses  on  development,  acquisition,  and  fielding  of  aviation  systems  and  individual  troop  items 
AMCCOM,  Rock  Island,  Illinois 

Primarily  responsible  for  development  of  weapons,  munitions,  and  chemical  equipment 
TACOM,  Warren,  Michigan 

Equips  the  army  with  both  tracked  and  wheeled  ground  mobility  equipment 

DESCOM,  Chambersbutg,  Pennsylvania 
Oversees  all  depot  operations 

*As  of  September  1992 


EXHIBIT  2-2 

ARMY  MATERIEL  COMMAND 
RESTRUCTURING  ACTIVITIES* 

Qose  seven  depots 

Gose  seven  ammunition  plants 

Create  the  Army  Research  Laboratory 

Create  the  Anny  Indiutrial  Operafiotts  Command 

Create  the  Aviation  and  Troop  Command 

Create  the  Missiles,  Armaments,  and 
Chemical  Command 

"As  of  September  1992 
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ATCOM:  Aviation  and  Troop  Command 

CECOM:  Communications-Electronlcs 

Comm&nd 

SRA:  Saparate  Reporting  Activity 


STRICOM:  Simulation  Training  instnjmentation 
Command 

TECOM:  Test  and  Evaluation  Command 

USASAC'.  Security  Assistance  Command 


Fig.  2-4.  The  Army  Materiel  Command  organiaational  structure  projected  for  19%  assumes  that  the  restructuring  activities 
shown  in  Exhibit  2-2  are  implemented. 


Fig.  2-5.  U5.  Army  reservists  at  a  DKCOM  depot  activity  ready  US.  Air  Force  bombs  for  shipment 
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Blue  Grass  Army  Depot 

Blue  Grass  Army  Depot,  located  near  Lexington, 
Kentucky,  overhauls  communications  security  equip¬ 
ment  and  has  an  extensive  mission  for  assembly  of 
communications-electronics  sets,  kits, and  outfits.  The 
Blue  Grass  facility,  2  miles  south  of  Richmond,  Ken¬ 
tucky,  is  a  storage  site  for  conventional  and  chemical 
munitions  and  clothing  and  textiles.  It  also  runs  the 
army's  only  environmentally  approved  "washout" 
facility,  which  recovers  explosives  from  munitions  for 
future  use.  A  government-owned,  contractor-oper¬ 
ated  maintenance  facility  for  communications  and 
electronics  materiel  is  also  located  at  ).,exington. 

Corpus  Ckristi  Army  Depot 

Corpus  Christi  Army  Depot,  located  on  the  U5. 
Naval  Air  Station  in  Corpus  Christi,  Texas,  repairs, 
overhauls,  and  maintains  the  army's  helicopters,  in¬ 
cluding  the  UH-1  Huey,  AH-1  Cobra,  and  UH-60A 
Black  Hawk;  the  depot  is  DESCOM's  Center  of  Techni¬ 
cal  Excellence  for  the  AH-64  Apache  attack  helicopter. 
The  depot's  aircraft  mission  covers  not  only  mainte¬ 
nance  of  helicopters  but  also  associated  aeronautical 
equipment.  Corpus  Christi  Army  Depot  is  the  largest 
industrial  employer  in  south  Texas,  with  more  than 
4 .000 employees.  It  was  the  first  depot  to  establish  a  24- 
hour  aircraft  maintenance  "hotline"  providing  imme¬ 
diate,  worldwide  maintenance. 

Letterkcnny  Army  Depot 

Letterkenny  Army  Depot,  Chambersbuig,  Pennsyl¬ 
vania,  is  the  prime  maintenance  depot  for  self-propelled 
and  tov/ed  artillery,  light  recovery  vehicles,  and  air- 
defense  guided  missile  systems  such  as  the  Improved 
Hawk,  the  Forward  Area  Alerting  Radar,  and  the  Patriot 
Air  Defense  Missile  System.  Employees  there  work  on 
equipment  supporting  the  Army's  Patriot  and  Hawk  air 
defense  missile  systems.  Additionally,  the  depot  as¬ 
sembles  Sparrow  and  Sidewinder  missiles  for  the 
U5.  Air  Force.  Letterkenny  is  also  the  prims  overiiaul 
depot  for  upgrades  to  the  self-propelled  howitzer. 
Letterkermy  also  provides  procurement  support  to  U5. 
Army  Eiuope  and  maintains,  stores,  and  demilitarizes 
convention^  ammunition  in  CONUS  (Figure  2-8). 

SavamMArmyDepotActimty.  Savanna  Army  Depot 
Activity,  Illinois,  ui^er  the  command  and  control  of 
Letterkenny  Army  Depot,  stores  and  ships  conventional 
anununitionandwarreservemateriei.  TlieU^.  Defense 
Ammunition  Center  and  School,  a  tenant  at  Savanna, 
is  the  only  DoD  school  that  provides  ammunition  train¬ 
ing  to  civilian,  military,  and  foreign  students. 


Seneca  Army  Depot.  Seneca  Army  Depot,  Romulus, 
New  York,  also  under  the  command  and  control  of 
Letterkenny  Army  Depot,  stores,  maintains,  and  de¬ 
militarizes  ammunition.  It  is  the  army's  only  site  for 
overhauling  and  upgrading  DoD  owned  industrial 
plant  equipment. 

Red  River  Army  Depot 

Red  River  Army  Depot,  a  multimission  depot  located 
in  Texarkana,  Texas,  is  the  primary  depot  for  the  over¬ 
haul  and  repair  of  light  armored  v^cles  (M113  family), 
M2  and  M3  Bradley  Hghting  Vehicles,  M901A1  Im¬ 
proved  TOW  (tube-launched,  optically  tracked,  wire 
command,  link  guided)  vehicles.  Chaparral,  Multiple 
Launch  Rocket  System,  and  M981  Fire  Support  Team 
Vehicles  (Rgure  2-9).  In  addition  to  its  mainterumce 
mission.  Red  Riveris  an  Area  Oriented  Distributkmdepct, 
providing  supply  support  to  the  central  United  States.  It 
also  stores  and  maintains  conventional  ammunition. 

Tobyhanna  Army  Depot 

Tobyhanna  Army  Depot,  Pennsylvania,  is  the  larg¬ 
est  communications  and  electronics  repair  facility  in 
the  army.  The  depot  maintains  equipment  such  as 
radio  and  radar  systems,  airborne  surveillance  and 
navigation  equipment,  signal  intelligence,  and  satel¬ 
lite  communications  systems  used  by  all  DoD  activi¬ 
ties,  and  is  the  US,  Army's  Center  of  Technical  Excel¬ 
lence  fortacticalandstrategicsatcllitecommunications 
systems,  automatic  test  systems,  and  space  communi¬ 
cations.  It  is  the  only  depot  with  an  approved  Ground 
Control  Approach  radar  anterma  pattern  range  able  to 
support  iheradar  requirements  of  all  thearmed  forces. 

Tooele  Army  Depot 

Tooele  Army  Depot,  Utah,  overhauls  army  tactical 
wheeled  vehicles,  power  generators,  rail  locomotives, 
and  Redeyeantiairoraft  missiles.  Tooelestores and  main¬ 
tains  both  chemical  and  conventional  munitions  and  is 
the  home  of  the  $64-milIion  prototj-pe  Chemical  Agent 
Munitions  Disposal  System,  which  safely  disposes  of 
lethal  chemical  munitir  .<s.  TheAmmunitionEquipment 
Directorate  designs  and  fabricates  spedal-parpose  am¬ 
munition  handling  and  production  equipment.  Addi¬ 
tionally,  Tooele  has  two  unique  missions:  it  is  the  only 
DoD  installation  with  the  capability  to  repair  and  over¬ 
haul  topographic  equipment  and  inilitary  locomotives. 

Pueblo  Army  Depot  Activity.  Pueblo  Army  Depot 
\ctivity,  Colorado,  is  commanded  and  controlled  by 
Tooele  Army  Depot.  Pueblo  stores  chemical  muni¬ 
tions  and  is  scheduled  to  be  the  location  of  a  chemical 
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weapon  demilitarization  facility  todestroy  these  weap 
ons.  The  Pershing  II  missile  system  was  demilitarize 
by  the  depot  activity  under  the  Intemiediate-Range 
Nuclear  Forces  Treaty.  The  depot  operates  a  reposi¬ 
tory'  for  the  storage  of  precious  metals  received  from 
states  west  of  the  Mississippi  River. 

Umatilla  Amy  Depot  Activity.  Umatilla  Army 
Depot  Activity,  c3regon,  is  also  under  the  command 
and  control  of  Tooele  Army  Depot.  Umatilla  stores 
chemical  weapons  and  is  scheduled  to  be  the  location 
of  a  chemical  weapon  demilitarization  facility  to  de¬ 
stroy  those  weapons. 

European  Redistribution  Facilities 

The  European  Redistribution  Facilities  (ERft)  are  lo¬ 
cated  at  Boeblingen,  Hausen,  and  Nahbollenbach, 
Gerr»i3'  .  The  ERFs' mission  is  to  receive  class  IX  (spare 
and  repair  parts)  excess,  serviceable  and  unserviceable, 
economically  repairable  materiel,  including  Automatic 
Return  Items,  and  to  distribute  them  to  in-theater  repair 
and  storage  sites.  Defense  Keutilization  and  Mariceting 
Offices,  or  CONUS  repair  or  storage  depots. 

DESCOM  Support  Activity,  Far  East 

Located  in  South  Korea,  the  DESCOM  Support 
Activity-Far  East  (D-SAFE)  contracts  with  Korean  in- 
dtistry  to  perform  maintenance  on  combat  vehicles, 
tactical  vehicles,  and  communications-electronics 
equipment.  It  performs  a  variety  cf  missions  in  the  Far 


East  including  management  of  repair  and  overhaul 
contracts  with  private  industry,  coordination  of  the 
army's  warranty  and  modifications  work-order  pro¬ 
grams,  and  total-package  fielding.  D-SAFE  also  fabri¬ 
cates  and  repairs  ail  sizes  of  pneumatic  tires. 

Armxment,  Munitions,  and  Chemical  Command 

The  AMCCOM,  headquartered  at  Rock  Island  Ar¬ 
senal,  Illinois,  is  the  second-largest  of  the  AMC  subor¬ 
dinate  commands.  It  has  conremand  and  control  of  38 
installations  and  activities  in  25  states  and  employs 
more  than  5(X)  military,  18,(X)0  DAC,  and  20,000  con¬ 
tractor  personnel  (Figure  2-10).  With  an  annual  oper¬ 
ating  budget  of  over  $5  billion  and  with  assets  worth 
over  $44  billion,  AMCCOM  is  equivalent  to  the  United 
States's  72nd  brgest  production  corporation  and  the 
8th  largest  in  assets.' 

AMCCOM's  mission  is  to  develop  and  produce  the 
most  advanced  guns,  bullets,  and  chCTJcal  weapons  for 
United  States  and  allied  forces.  This  mission,  accom¬ 
plished  through  research,  development,and  engineer¬ 
ing,  has  three  levels  of  responsibility:  total,  primary, 
and  support.  When  AMCCOM  has  total  responsibility, 
the  command  manages  the  entire  development,  pro¬ 
duction,  fielding,  and  support  for  the  system.  Ex¬ 
amples  of  projects  tot-jily  supported  by  AMCCOM 
include  the  M198  howitzer,  the  M16-series  rifle,  and 
the  M40  chemical-protective  mask.  When  AMCCOM 
has  primary  resporisibility  for  a  program,  the  com¬ 
mand  manages  the  overall  program  i^l  obtains  sup- 
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rig.  2-10.  The  Armaincnl,  Munitioas.  and  Otemica!  Command  (AMCCOM)  installations. 
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port  from  other  commodity  commands.  The  M109 
self-propelled  hovvitzersand  the  lightweight  chemical 
decontamination  system  are  two  examples  of  weapons 
developed  under  AMCCOM’s  primary  support.  Ft- 
nally,  v/hen  AMCCOM  hes  support  respninsiWiity,  the 
command  assists  other  AMC  commodity  commands 
in  appropriate  areas  of  expertise.  Thus,  for  the  Bradley 
Fighting  Vehicle  and  the  Abram's  main  battle  tank, 
AMCCOM  assisted  tlie  tank-automotive  command  by 
supplying  the  armament,  fire  cunlroi,  ammunition,  and 
related  support  equipment  needed  on  ther*e  systenvs.' 

Installations  and  Activities 

Two  of  AMCCOM's  centers — the  Chemical,  Re¬ 
search,  Development,  and  Engineering  Center 
(CRDHC)  and  the  Armament  Research.  Development, 
and  Engineering  Center  ( ARDEC)  develop  new  weap¬ 
ons,  theothc-r  AMCCOM  installationssustain  thereadi- 
nessef  combat  forces.  AMCCOM's  three  government- 
owned,  goven-.ment-operated  arsenals — Rock  Island. 
WatervHfcl,  and  Pine  Bluff — perform  a  variety  of  manu- 
♦ach  ring  missiotvs  that  are  central  to  that  effort. 

The  Chentkal  Research,  Devtlopntent,  end  Enjp- 
neerifig  Center.  CRDEC,  located  at  Aberdeen  Proving 
Ground,  Maryland,  is  one  of  two  facilities  that  incor¬ 
porates  advanced  icchncriogj'  into  the  materiel  that 
AMCCOM  maintains.  CRDEC  develops  chemical 
pnngram?  and  smoke  and  other  obscurant  systems 
within  the  DoD  Current  CRDEC  projects  include 
developing  sensors  that  will  detect  and  identify  ail 
known  and  projected  types  of  biochemical  agents,  and 
will  sound  a  warningalarm  whenever  such  an  agent  is 
present.  Specialists  at  CRDEC  ate  also  working  on 
new  protective  gear  that  will  be  easier  to  ivcarand  use, 
and  will  be  fully  compatible  with  the  combat  systems 
cf  ihe21b-tce.*«ury.  In  1591,  AMCCOM  provided  more 
than  290,000  chemical  protective  nutsks  and  the  Fox 
Nuclear,  Biological,  Chemical  ReconnaissarKe  System 
to  United  Slates  troops  during  Operation  Desert  Storm. 

The  Armantcnt  Research,  Tkvelopmcnt  and  Engi¬ 
neering  Center.  ARDEC,  located  at  Picatiniry  ArsenaL 
New  Jersey,  Is  the  second  AMCCOM-maintained,  ad¬ 
vanced-technology  fadJity.  ARDEC  performs  research, 
development,  and  cngin»^ri«g  on  diivcl-fire,  clcse- 
combat  systems  ranging  from  bayonets  to  tank  can¬ 
nons.  The  squad  aulomanc  weapon;  Bushmaster  25- 
mm  chain  gun,  used  o'  Bradley  Rghtinc  Vehicles;and 
the  M16A2  rifle  are  all  systeits  devdoped  by  ARDEC. 
Thecenteralso  works  on  indirect  fire-support  systems 
such  as  artillery  and  mortars,  weapons  and  ammuni¬ 
tion,  mincf.,  depwlitioits,  aad  fire  conrro!  for  army 
w’capons.  ARDEC  is  the  leader  in  the  development  of 
precision  and  "smart"  munitions. 


Aballistic  test  rangeat  ARDEC isasafe.all-rveather, 
environmentally  acceptable  facility  for  testing  large- 
caliber  ammunition.  Technicians  at  the  range  can 
photograph  a  fired  projectile,  which  aids  in  the  study 
of  its  free-flight  characteristics. 

ARDEC'smissionincludesdeveloping  propellants, 
explosives,  pyrotechnics,  and  fuzes,  and  supports  the 
army  and  other  services  in  armament  science  and 
technology.  The  center  is  also  involved  in  liquid 
propellant  and  electromagnetic  gun  technology. 

Rock  Island  Arsenal.  Rock  island  Arsenal,  located 
at  Rock  Island,  Illinois,  is  the  largest  weapons  manu¬ 
facturing  arsenal  in  the  North  ,\tlantic  Treaty  Orga¬ 
nization  (NATO)  alliance.  It  produces  recoil  mecha¬ 
nisms  and  gun  mounts  for  most  of  the  howitzers  and 
tanks  now  fielded  and  manufactures  the  carriage  for 
and  completely  assembles  the  Mn9  and  M19S  how¬ 
itzers.  During  C^ierafion  Desert  Storm  in  1991,  the 
arsenal  received  orders  for  nearly  18,000  components, 
of  which  supported  the  M198  howitzer. 

The  arsenal  produces  a  prototype  105-mm  recoil 
mechanism  and  cradle  for  the  air  force's  AC130U 
gunship,  and  manufactures  critical  castings  and 
forgings  for  the  navy.  Italsoassemblesand  ships  most 
of  the  army's  coirunon  and  special  tool  kite  and  basic- 
issue-item  sets  to  troops  worldwide. 

Worervliet  Arsenal.  Watervliel  Arsenal,  located  near 
Albany,  New  York,  is  the  center  for  the  production  and 
procurement  of  cannons  for  tanks,  howitzers,  recoilless 
rifles,  mortars,  breech  mechanisms,  and  spare  parts.  It 
iK)U.«ei>  a  SI  5-million,  computerized,  flexible  manu  fac- 
turing  system  that  is  one  of  the  most  modem  heavy¬ 
manufacturing  facilities  in  the  United  States.  This 
series  rd  mterconnected  machining  tools  produces  a 
finished  breech  block  from  a  block  of  raw  steel,  using 
a  unique  rotary  forge  that  turns  out  rough  forgings  in 
1 0  minutes — ratfier  than  the  presnous  10  hours.  Invest¬ 
ments  sadi  as  thjs  have  yielded  the  efficiency  neces¬ 
sary  for  cost-effective,  bw-rate,  peacetime  production. 

Pine  Bluff  Arsenal,  Pine  B.Hiff  Arsenal,  located  at 
Pine  Bluff,  Arkansas,  has  primary  responsibility  for  the 
production  of  smoke,  itKcndiary.and  riot-control  muni¬ 
tions.  Its  mission  also  indudes  ths  assembly,  production, 
and  renovation  of  various  protective  masks  used  by  all 
services.  This  arsenal  was  the  only  source  of  protective 
masks  during  Operation  Desert  Storm:  it  r^ilt  and 
refurbished  more  than  3,5(X)  masks  per  week.  PineBlui'f 
Arsenal  has  also  been  the  site  for  both  the  production 
ar^d  tile  demiJiterization  of  chemical  vrcaponfc. 

Subsidiary  Activities 

AMCCOM'sresponsibilitiescontinucafter  systems 
are  produced  or  procured.  The  command  remains 
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responsible  for  fielding,  maintaining,  and  repairing 
materiel.  Support  in  these  areas  is  provided  by  the 
National  Inventory  Control  Points  and  the  National 
Maintenance  Points  located  at  command  headquar¬ 
ters.  The  National  Inventory  Control  Point  for  arma¬ 
ment  and  chemical  systems  performs  a  variety  of 
supply  management  functions  ranging  from  data  and 
inventory  management  to  security  assistance.  More 
than800,0fi0  customer  requisitionsareprocessed  yearly 
for  equipment,  repair,  and  secondary  itenris  (eg,  a 
nonstandard  radio  antenna  that  was  developed  for 
special  operations);  the  average  processing  tin>e  is  less 
than  1  day.  The  National  Maintenance  Point  for  arma- 
mentandchemicalsystemsprovidesmaintenanceand 
engineering  support,  produces  technical  publications, 
conducts  nerv-equipment  training,  prepares  fielding 
plans,  and  manages  maintenance  and  support  activi¬ 
ties.  AMCCOM  developed  and  shipped  more  than 
78,000  copies  of  technical  manuals  to  United  States 
forces  during  Operation  Desert  Storm.  The  National 
Inventory  Control  Point,  separate  from  the  National 
Maintenance  Point,  manages  ammunition  and  serves 
as  the  operational  element  of  the  single  mamger  for 
conventional  ammunition.  (The  single  manager  is  a 
multiservice  DoD  concept;  for  example,  AMEDD  is 
the  single  manager  for  medical  supplies.)  These  two 
organizations  integrate  materiel  management,  inven¬ 
tory  management,  maintenance  engineering,  I.  ling, 
malfunction  investigation,  and  demilitarization  of 
ammunition. 

Astheprincipalfield-operatingagencyforthesingle 
manager  for  conventional  ammunition,  AMCCOM  is 
responsible  for  the  development  and  oversight  of  the 
budget  for  ammunition  hardware,  and  for  the  pro- 
curement,production,supply,mainlenance,and  reno¬ 
vation  of  convenlioral  ammunition  for  the  other  mili¬ 
tary  services.  For  1992,  80%  of  the  AMCCOM 
production  budget  was  allocated  for  ammunition. 

Tlte  command  is  also  responsible  for  the  storage  of 
2-2  million  short  tons  (ie,  2,000  lb,  a  long  ton  is  1 ,0(X)  kg, 
or  2,240  lb)  of  ammunition,  and  for  shipment  and 
mobilization  planning  for  all  services.  During  Opera¬ 
tion  Desert  Storm,  AMCCOM  (as  the  single  manager) 
shipped  more  than  453,000  short  tons  of  ammunition 
to  troops  in  southwest  Asia.  Ammunition  production 
is  largely  accomplished  by  AMCCOM's  ammunition 
plant  system.  There  are  currently  27  such  facilities,  16 
of  which  are  active.  During  the  next  5  years,  seven 
more  plants  will  be  inactivated  At  some  inactive 
plants,  private  contractors  are  being  granted  permis¬ 
sion  to  use  portions  of  the  facilities  for  non-DoD  work. 

Two  plants  are  government  owned  and  govern¬ 
ment  operated:  Crane  Army  Ammunition  Plant 
(CAAP)  in  Indiana  and  McAlcsler  Army  Ammunition 


Plant  (MAAP)  in  Oklahoma.  CAAP  produces  ammu¬ 
nition  for  the  navy  and  Is  the  only  facility  capable  of 
machining  16-in.  ^ttieship  proje^les.  It  also  has  the 
world's  only  plant  for  converging  obsolete  white  phos¬ 
phorus  munitions  into  phosphoric  acid.  MAAP  pro¬ 
duces  ammunition  (primarily  for  the  navy  and  air 
force);  renovates,  maintains,  and  demilitarizes  ammu¬ 
nition;  and  operates  depots.  The  plant  is  capable  of 
producing  explosive-loaded  bombs  ranging  tom  5(X) 
to  2,000  pounds.  During  Operation  Desert  Storm, 
McAlestcr  shipped  more  than  45,(XX)  short  tons  of 
bombs  to  southwest  Asia. 

Most  AMCCOM  ammunition  plants,  however,  are 
government-owned  and  contractor-operated,  and  per¬ 
form  four  functions:  smali-arms  production;  propel¬ 
lant  and  explosive  production;  metal-parts  produc¬ 
tion;  and  loading,  assembling,  and  packing  (LAP)  of 
Bnished  rounds.  Technology  at  the  command's  am¬ 
munition  plants  ranges  tom  hand  assembly  to  state- 
of-the-art  modem  automated  systems. 

Some  plants  perform  uraque  functions  for  the  DoD. 
For  example.  Lake  City  Army  Ammunition  Plant 
(LCAAP)  in  Missouri  currently  produces  virtually  all 
thearmv-'ssmall-caliberammunition.LCAAP  shipped 
over  320  million  rounds  of  ammunition  to  troops  in 
southwestAsiaduringOperationDesertStorm.  Long¬ 
horn  Army  .Ammunition  Plant  (LAAP)  in  Marshall, 
Texas,  was  one  of  thedemilitarization  sites  for  Pershing 
missile  rocket  motors.  This  mission,  performed  in 
accordancevkithaSoviet-Americanarms-control  treaty, 
was  accomplished  September  1988  to  June  1991.^ 

Another  AMCCOM  mission  is  to  support  the  central 
management  of  significant  acquisition  programs.  Two 
project  managers  repx)rt  directly  to  the  commander  of 
CRDEC  and  four  others  report  directly  to  the  com¬ 
mander  of  ARDEC.  Matrix  support  (specialists  tom 
many  organizations  working  together  as  a  team)  is 
provided  to  many  Department  of  the  Army  (DA) 
program  executive  officer  PEOs).  Since  the  PEO 
concept's  inception,  AMCCOM  has  supported  the  PEO 
armaments,  which  are  located  at  Picatinny  Arsenal. 
Recently,  AMCCOM  expanded  its  support  to  PEOs, 
project  managers,  major  subordinate  commands,  and 
other  military  services  by  establishing  an  industrial 
base  acquisition  advocate.  As  the  command's  focal 
point,  the  advocate  assists  in  formalizing  the  use  of  the 
industrial  base— thearsenalsand  ammunition  plants— 
within  acquisition  strategies. 

AMCCOM's  other  major,  field-operating  elements 
perform  varied  services.  For  example,  the  Central 
Ammunition  Management  Office,  Pacific,  located  at 
Fort  Shafter,  Hawaii,  provides  centralized  ammuni¬ 
tion  logistics  management  for  the  Pacific  Theater.  The 
U5.  Army  Defense  Ammunition  Center  and  School 
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(USADACSX  located  at  Savanna  Army  Depot  Activity, 
Illinois,  provides  training  and  career  management  for 
ammunition  managers  and  quality  assurance  special¬ 
ists  ammunition  surveillar.ee  (QASAS),  and  technical 
assistance  and  engineeiing  senices  for  the  storage  and 
transportation  of  ammunition.  DuringOperation  Desert 
Storm,  QASAS  personnel  ensured  that  ammunition  was 
transported,  stored,  issued,  and  used  safely  in  south¬ 
west  Asia.  They  also  provided  surveillance  during  the 
retrograde  of  ammunition  (the  return  to  CONUS  of  for¬ 
ward-deployed  ammunition).  More  than  100  QASAS 
personnel  served  CXZONUS  to  support  United  States 
troops  in  southwest  Asia,  and  another  42  provided  state¬ 
side  support  at  ports,  camps,  and  stations. 

USADACS  administers  the  Technical  Center  for 
Explosives  Safety,  which  executes  the  army's  explo¬ 
sives  safety  policies,  programs,  standards,  and  proce¬ 
dures  to  provide  maximum  protection  to  people  and 
property'. 

AMCCOM's  Customer  Support  Directorate's  mis¬ 
sion  is  to  provide  customer  and  materiel  support  in  all 
issues  that  affect  the  field  readiness  of  weapons  sys¬ 
tems.  The  Readiness  Analysis  and  Customer  Feed¬ 
back  Center  gathers,  assembles,  and  arralyzes  readi¬ 
ness  information  received  from  the  field.  They  maintain 
an  accurate,  current,  technical-support  database,  and 
track  and  report  emerging  trends  (which  are  then 
coordinated  with  functional  directorates  for  resolu¬ 
tion).  Customer  Support  also  plans  and  executes  ma¬ 
teriel  findings,  and  provides  training  on  new  equip¬ 
ment  to  support  force-modernization  programs,  "niey 
distribute  new  equipment,  which  is  delivered  ready 
for  immediate  field  use.  State-of-the-art  video  equip¬ 
ment  enables  new-equipment  training  teams  to  pro¬ 
vide  soldiers  with  maintenance  training  programs. 

Soldiers  and  civilians  from  the  U.S.  Army  Technical 
Escort  Unit,  located  at  Aberdeen  Proenng  Ground, 
Maryland,  can  pro\idecmergency  response  for  chemi¬ 
cal-munitions  and  -agent  incidents  worldwide.  Unit 
members  also  escort  all  DoD  chemical  agents.  During 
the  return  of  forces  from  Europeafter  Operation  Desert 
Storm,  Technical  Escort  Unit  members  were  instru¬ 
mental  in  planning  fur  and  safely  removing  more  than 
1(X),0(X)  chemical  artillery  projectiles  from  Germany  to 
Johnston  island  in  the  Pacific. 

Office  of  the  Amiy  Mate*  'immand  Surgeon 

AMEDD  supports  the  AMC  in  three  major  areas: 
technical  and  professional  input  for  specific  AMC 
program  areas,  staff  management  of  AMC  medical  pro¬ 
grams,  and  delivery  of  healthcare  services  to  military 
and  civilian  employees.  Of  the  41  AMEDD  personnel 


assigned  to  the  AMC,  33  have  responsibilities  prima¬ 
rily  related  to  providing  medical  expertise  for  specific 
AMC  program  areas  (table  2-2).  For  example,  the 
major  duties  of  the  occupational  medicine  officer  as¬ 
signed  to  the  Program  Management  Office  for 
Chemical  Demilitarization  include  providing  medical 
expertise  for  chemical  demilitarization  (eg,  of  surety 
agents).  This  occupational  medicine  officer  is  not 
responsible  for  providing  healthcare  services  or  man¬ 
aging  health  programs.  Of  the  eight  remaining  medi¬ 
cal  personnel  assigned  to  AMC  headquarters  staff,  six 
are  assigned  to  the  Office  of  the  AMC  Command 
Surgeon,  and  one  each  is  assigned  as  Command  Sur¬ 
geon  for  DESCOM  and  AMCCOM.  Their  duties  are 
the  same  as  the  Office  of  the  Command  Surgeon,  but 
on  a  smaller  scale. 

The  AMC  Surgeon  is  the  principal  officer  respon- 
sibleforadvisingthecommandinggeneraloflheAMC 
and  his  or  her  staff  on  all  health  issues  that  affect  the 
command  (Figure  2-11).  The  command  surgeon's 
office  is  also  responsible  for  developing  and  imple¬ 
menting  command  policy,  which  assures  the  preser¬ 
vation  of  the  health  of  the  workforce  and  the  preven¬ 
tion  of  disease  and  injury,  addresses  health  issues 
within  the  health  hazard  assessment  (HHA)  process, 
prm'ides  for  the  control  of  pests  and  the  preservation 
of  war  stocks,  and  ensures  the  medical  portion  of 
nuclear  and  chemical  surety  operations. 

Most  medical  support  for  the  AMC  is  provided  by 
medical  units  not  organic  to  the  command.  For  ex¬ 
ample,  the  US.  Army  Medical  Materiel  Activity 
(USAMMA)  provides  logistics;  the  Medical  Research 
and  Development  Command  (MRDC)  provides  medi¬ 
cal  research  and  development;  the  US.  Army  Environ¬ 
mental  Hygiene  Agency  (U3AEHA)  provides  health 
consultation;and  the  HcalthServicesCommand  (HSO 
provides  direct  support  (clinical,  pharmaceutical,  pre¬ 
ventive  medicine,  and  itrdustrial  hygiene).  The  cre¬ 
ation  of  the  HSC  in  1 973  greatly  lessened  the  control  of 
medical  resources  of  both  the  AMC  surgeon  and  in¬ 
stallation  commanders.  All  medical  personnel  and 
equipment  were  placed  under  the  command  of  the 
newly  designated  medical  centers  (MEDCENs)  and 
medical  department  activities  (MEDDACs).  Through 
these  activities,  the  HSC  operates  36  clinics  and  two 
hospitals  on  AMC  installations  (Table  2-3).  The  US. 
Na\’y  supports  one  installation  (Crane  Army  Ammu¬ 
nition  Activity)  and  a  contractor  operates  one  clinic 
located  at  a  depot  (Corpus  Christi  Army  E)epol).  Al¬ 
though  on-site  contractors  may  operate  the  clinics  at 
the  ammunition  plants,  the  USAEHA  provides  occu¬ 
pational  and  environmental  health  services  to  these 
plants.  However,  the  quality  of  healthcare  that  the 
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TABLE  2-2 

ARMY  MEDICAL  DEPARTMENT  STAFF  ASSIGNED  TO  THE  ARMY  MATERIEL  COMMAND 


Location 

Number  on  Staff 

HQANfC 

Office  of  the  Surgeon 

6 

Environmental  (^lity 

3 

AMCCOM 

2 

Edgewood  Research,  Develojmient,  and  Engineering  Command 

5  (3  authorized) 

AVSCOM/TROSCOM 

1 

Natick  Research,  Development,  and  Engineering  Command 

5  (7  authorized) 

Belvoir  Research,  Development,  and  Engineering  Command 

1 

CECOM 

1 

DESCOM 

1 

LABCOM 

4 

Materiel  Testing  Laboratory 

1 

TECOM 

1 

Cold  Regions  Test  Center 

1 

White  Sands  Missile  Range 

1 

Science  Technical  Center,  Far  East 

1 

Science  Technical  Center,  Europe 

1 

Program  Manager,  Saudi  Arabia  Natioiuil  Guard 

5 

US  Army  Chemical  Materiel  Destruction  Agency 

1 

TOTAL 

41 

contractor  provides  to  his  workforce  is  not  a  responsi¬ 
bility  of  the  army.  The  physicians,  nurses,  industrial 
hygienists,  and  medical  technicians,  who  provide  di¬ 
rect  patient  care  in  clinical  medidne  and  occupational 
health  to  the  AMC  workforce,  report  to  a  healtiicare 
facility  within  the  HSC.  By  monitoring  these  services 
and  providing  guidance  regarding  the  onunand's 
medical  policies  and  health  priorities  to  HSC  medical 
personnel  and  installation  commanders,  the  AMC 
Surgeon  is  integral  to  occupational  health. 

It  is  detrimental  to  occupational  health  to  use  the 
same  healthcare  pnofessional  to  provide  both  occupa¬ 
tional  health  and  clinical  patient-care  services,  lliis 
doubling  of  responsibilities  requires  that  a  healthcare 
professional  function  both  as  staff  officer  and  action 
(rfficer.  Because  staff  and  action  services  are  quite 
different,  the  mission  would  be  better  p^erformed  if  the 
resf>onsibilities  were  separated.  Sp^e^cally,  civilian 
and  military  physicians  and  nurses  assigned  to  duties 
within  the  AMC  usually  have  no  spadal  training  in 
occupational  health;  however,  they  usually  are  very 


experienced  in  pTToviding  out-patient  healthcare.  Per¬ 
sonnel  untrain^  in  prof^onal  occupatioial  health 
who  must  pierform  staff  functions  (such  as  monitoring 
the  effectiveness  of  occupational  health  programs  and 
quality  of  healthcare)  are  pnit  in  the  px>sition  of  serving 
several  masters  (the  installation  commander,  the 
MEDDAC  commander,  and  the  patient)  whose  inter¬ 
ests  could  conflict  Furthermore,  the  current  DoD 
system  for  assessing  workload  ffiils  to  p^rovide  any 
incentive  for  a  medical  staff  to  emphasize  occupational 
health.  Certainly,  when  the  budget  is  stringent,  p)er- 
sonnel  resources  for  direct  patient  care  are  more  e^y 
justified  than  those  for  occupational  health;  but  then 
the  installation  commander,  who  is  responsible  for 
pnotecting  the  health  of  his  or  her  employees,  will  have 
no  one  monitoring  the  programs  rdated  to  occupa¬ 
tional  health. 

Historically,  the  healthcare  provided  at  AMC  in¬ 
stallations  hasbeeninsuffidentaitdfiraughtwithpnob- 
lems.  Most  clinics  are  small  and  often  are  not  staffed 
sufficiently  to  assure  that  both  the  primary  healthcare 
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Position 


Duties 


Position  Duties 


Occupjtknul  Health  Offlcer  Medical  advice  and  consultation 

*  Occupational  and  preventive 
medicine 

”  Clinical  medicine 

*  Prophylactic  immunizations 

*  Human  use  research  protocob 
Monitor  health  services  provided 
by  HSC  for  adequacy  of 
services  and  staffint; 

Training  of  resident  physicians 

Environmental  Science  Officer  Health  consultation 

*  Child  development  services 
'  Food  service  and  personal 

sanitation 

*  Field  and  garrison  water  supply 

*  Wastewater,  solid  and 
hazardous  waste  dbposal 

*  Health  risk  assessment  in 
environmental  contamiruticn 
control 

*  Hazardous  waste  minimization 
Occupational  health  partirership 

unit  cost  review 

AMEOD  health  services  support 
AMEDO  persormel  marugement 
issues 

Adminbtrativc  officer  for  AMC 
surgeon 

Nuclear  Medical  Science  Radiological  health  consultation 

Officer  ^  Ionizing  and  nonionizing  radia¬ 

tion.  incli^ittg  lasers 

*  Exposure  control 

‘  Waste  dbposal  and  contamird- 
tioncontr^ 

*  !>econtamitution 

*  Health  rbk  assessments 

‘  Human  use  research  protocob 
Monitor  AMEDO  health  services 
support 

CompUance  oversight 
Nucl^r  stirefy  inspectiors 


Health  Hazard  Assessment  Manage  AMC  Health  Hazard 
Officer  Assessment  program 

Health  consultation 

*  Health  risks  of  developmental  items 

*  Health  risks  of  fidded  itenrs 

*  MANPRINT 

*  Health  representation  of  system 
safety  and  technical  integration 
worl^g  groups 

Medical  function  area  analysis 

Medical  Enlomologbt  Health  corrsultation 

*  Pest  surveillance  and  control 

*  Pesticide  storage  and  dbposal 

*  Pesticide  war  reserves 

*  Subsbtence  items  development 
arid  storage 

Monitor  AMEDD  health  support 
Monitor  handoff  and  deployment  of 
mediesliy  developed  items 

industrial  i  lygienbt  Industrial  hygiene  consultation 

*  Workplace  exposures 

*  Haza^  information 

*  Hazard  tdendneation  and  control 

*  Health  risk 

Monitor  AMEDD  health  services 
support 

Monitor  compliance  with  05HA.  state; 

and  army  regulations 
Technical  oversight  of  compliance 
monitoring 

Chemical  surety  hazard  control 


*The  dotted  connecting  tine  denotes  a  noncommand  technical  supervisory  relationship 
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TABLE  2-3 

HEALTH  SERVICES  COMMAND  MEDICAL  FACmiTES  WTIHIN  THE  ARMY  MATERIEL  COMMAND 


Comitumd 

Facility 

Command 

Facility 

AMCCOM 

Rock  Island  Arsenal 

DESCOM 

Anniston  Army  Depot 

Piipe  Bluff  Arsenal 

Corpus  Christi  Army  Depot 

Watervliet  Arsenal 

Letterkenny  Army  Dejpot 

.McAlester  Army  Anmunition 

Savanna  D^t  Activity 

Plant 

Red  River  Depot  Activity 

Picatinny  Arsenal 

Lexington  Blue  Grass  Anny  Depot 

AVSCOM/TROSCOM 

CECOM 

St.  Louis  (2) 

Natick  Researdr,  Development, 
and  Engineering  Center 

Ft.  Monmouth  (hospital) 

Sacramento  Army  Depot 

Seneca  Army  Depot 

Tobyhaima  Army  Depot 

Too^  Army  Depot 

Ft  Wingate  Depot  Activity 

LABCOM 

Harry  Diamond  Laboratories 

Pueblo  Depot  Activity 

Materials  Technology  Laboratory 

Umatilla  De{POt  Activity 

MICOM 

Redstone  Arsenal  (hospital) 

TECOM 

Aberdeen  Proving  Ground 

TACOM 

Detroit  Arsenal 

Selfridge  Air  Natioipal  Guard 

Dugway  Proving  Ground 

Jefferson  Proving  Ground 

White  Sands  Missile  Range 

Bureau 

Yuma  Proving  Ground 

and  the  occupational  health  missions  can  be  accom¬ 
plished.  Duringthespringof  1992,  the  commanding 
generals  of  the  AMC  and  the  HSC  decided  that  enter¬ 
ing  into  a  new  joint  (partnership  was  the  only  way  to 
ensure  that  the  occu(>ational  health  services  available 
are  both  appropriate  and  sufficient.  This  (Partnership 
provides  for  the  AMC  to  contract  wth  the  HSC  for 


S()ecificoccu(»tional  health  servicesand  then  to  trans¬ 
fer  sufficient  operating  funds  to  the  HSC  clinic  to 
provide  adequate  staffing.  Brooke  Army  Medical 
Center  (BAMC)  at  Fort  Sam  Houston,  Texas,  and  the 
four  AMC  installatioirs  within  the  BAMC  region  (Cor¬ 
pus  Christi  and  Red  River  Army  Depots,  McAlester 
AAP,  and  Pine  Bluff  Arsenal)  will  test  this  initiative. 


MOBILIZATION  AND  DEPLOYMENT 


Mobilization  is  the  process  of  pre{>aiing  tor  war  or 
other  emergendes  by  assembling  and  organizing  na¬ 
tional  resources.  It  encompasses  all  activities  neces¬ 
sary  to  move,  systematically  and  selectively,  from  a 
normal  state  of  peacetime  pre(>aredness  to  a  wartime 
fighting  posture.  Deployment  is  the  physical  move¬ 
ment  of  a  military  force  to  the  site  of  an  actual  or 
potential  conflict,  ^th  mobilization  and  deployment 
are  resource  intensive,  especially  of  (personnel.  Any 
(personnei-intensivcaction,  esjpecially  one  that  must  be 
performed  ex[Peditiously,  requires  medical  support. 
Adequate  and  timely  medical  sup(Port  can  orily  be 
(Provided  with  appropriate  plarming. 

How  does  the  study  of  occupational  health  relate  to 
mobilization  and  deployment?  AMEDD  personnel 
must  understand  the  im[Pact  that  total  mobilization  for 
war  would  have  on  occu(pational  medidne.  Mobiliza¬ 


tion  during  Op<!ration  Desert  Storm  was  only  (partial; 
the  United  States  has  not  been  totally  mobilized  since 
World  War  II.  Then,  raw  materials  and  food  were 
rationed;  jobs  previously  (Performed  by  healthy,  ex(pe- 
rienced  men  were  (performed  by  women  and  men  who 
were  categorized  4F  ((partially  disabled);  and  all  major 
mdustries  develofped  and  produced  materiel  as  rap¬ 
idly,  and  in  as  great  quantities,  as  (possible.  Thearm^s 
current  occu(patioxpaI  health  stance  was  deveIo(^ 
during  this  (Period  as  a  res(Ponse  to  the  treed  to  keep  the 
industrial  workforce  as  healthy  as  is  practicable. 

Mobilization  as  a  Deterrent 

The  ca(pability  of  the  US.  Army  to  mobilize  atrd 
deploy  its  active  force  ra(pidly  and  effidently  is  essen¬ 
tial  to  deterring  (potential  enemies  and  ensuring  our 
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allies  of  our  support.  Coordination  of  mobilization 
planning  is  crucial  to  achieving  such  a  goal.  Potential 
enemies  must  be  convinced  that  the  United  States  can 
quickly  mobilize  and  deploy  active-  and  reserve-com¬ 
ponent  combat  forces  in  sufficient  time  to  influence  the 
early  stages  of  conflict.  The  reserve  components  must 
be  visibly  able  to  mobilize  in  the  requir^  time,  at  the 
right  place,  and  in  the  state  of  readiness  necessary  to 
meet  the  threat.  The  DoD  has  the  responsibility  for 
developing  and  executing  pbns  for  national  defense. 
The  secretary  of  defense  and  the  joint  chiefs  of  staff 
provide  guidance  to  the  commanders  of  the  unffied 
and  specffied  commands  charged  with  developing  the 
capability  plans  to  meet  various  potential  threats. 

Mobilization  includes  options  for  deterring  war 
and,  should  deterrence  fail,  for  eidrancing  for.e  readi- 
ness,deployment,atKlsustaiiunenL  Forcesustainment 
includes  both  transporting  and  maintaining  materiel 
andpersonnel(providingmedicalcare).  Thecomplex- 
ity  and  magnitude  of  the  mobilization  process  make 
sound  planning  essential.  The  Odd's  Master  Mobili¬ 
zation  Flan  provides  the  framework  for  making  and 
implementing  mobilization  decisions  to  support  mili¬ 
tary  operations.  It  also  provides  guidance  for  detailing 
plans  to  .support  the  m^Uization  process  for  the  DoD. 
This  plan  assigtrs  responsibilities  and  describes  activi¬ 
ties  and  organizational  reIationshif>s  and  the  Odd's 
planning  and  execution  process.  Simply  stated,  this 
plan  describes  what  is  to  be  done  and  who  is  to  do  it. 
How  the  various  tasks  are  to  be  done  is  explained  in 
detail  in  the  subsequent  levels  of  planning,  except  that 
tasks  that  require  ffie  secretary  of  defetrse's  decisions 
are  in  the  DoD  plan.  The  joint  chiefe  of  staff,  the 
uniformed  services,  and  the  defense  agencies  all  de¬ 
velop  their  own  planning  systems,  consistent  with 
DoD  guidance.  The  entire  mobilization  planning  pro¬ 
cess  will  eventually  be  linked  by  a  mobilization  plan¬ 
ning  management  system. 

Of  course,  mobilization  planning  is  only  one  small 
part  of  the  planning  process.  Of  the  several  unified 
commands  with  geographical  responsibility  (the  Eu¬ 
ropean  Command  l^COMI,  the  Central  Command 
(CENTCOMLtheSouthem  Command  {SOUTHCOMJ, 
and  the  Pacific  Command  IPACOMJ),  a  large  part  of 
the  headquarters  responsibilities  is  to  prepare  the 
operation  plans  for  the  most  probable  war  scetrarios  in 
their  regions.  These  plarrs  are  comprehensive:  they 
address  not  only  tactical  operations  but  also  the 
deployment,  moveitrent,  at>d  sustainment  of  troops  and 
materiel.  Many  military  operations  platrs  require  per- 
sonrrel  and  matenel  resources  greater  than  ^  active 
forces  can  field.  This  is  where  mobilization  plans  come 
into  play,  plans  to  mobilize  reserve  units,  field  war- 


reserve  equipment,  and  mobilize  all  or  part  of  the  Uni  ted 
States's  irrdustrial  base  to  build  new  equipment 

MobiUzation  of  the  Reserve  Component 

'The  deterrent  value  of  the  U5.  Army's  reserve 
component  is  predicated  on  its  combat  power,  readi¬ 
ness,  and  ability  to  mobilize  and  be  deployed  rapidly 
enough  to  influence  the  early  stages  of  a  conflict.  An 
effective  deterrent  must  be  clearly  evident  to  a  poten¬ 
tial  enemy.  The  capability  to  mobilize  rapidly  is  cru¬ 
cial  to  effective  deterrence;  it  is  the  means  by  which 
political  or  mUitary  intent  is  translated  into  usable 
combat  power.  A  ready  mobilization  capability  dem¬ 
onstrates  resolve  and  rtational  commitment;  it  not  only 
deters  enemies  but  also  assures  allies  that  the  United 
States  has  both  the  capacity  and  the  will  to  stand  by  its 
commitments. 

Readiness 

The  deterrent  value  of  mobilization  resides  not  only 
in  the  readiness  of  the  active  and  reserve  components 
but  also  in  the  resolve  and  preparedness  of  military 
and  civilian  leaders  to  rapidly  expand  the  military 
capability  of  the  United  States.  Civilian  manpower 
musi  readily  be  converted  into  military  units,  and 
civiliu.;  industrial  production  must  readily  be  con¬ 
verted  to  wartime  industrial  capacities. 

The  United  States  must,  first,  have  the  will  to  sustain 
an  expanded  or  protracted  war  against  num.erically 
superior  forces  and,  second,  be  able  to  conclude  the 
conflict  on  terms  favorable  to  this  country  and  its 
allies.  To  accomplish  these  goals,  the  military  estab¬ 
lishment  places  great  confidence  in  the  capacity  of  this 
nation  to  redirect  its  civilian  economy  to  expand  and 
sustain  military  power  through  the  readiness  of  its 
transportation  system,  war  reserve  stocks  and  strate¬ 
gic  stockpiles,  personnel,  and  support  base. 

Ready  Transportation  System.  The  United  States 
must  maintain  civil  and  military  land,  sea,  and  air 
transportation  systems  that  not  only  fulfill  the  nation's 
peacetime  economic  and  military  needs  but  are  also 
capableofmeetingandsustainingamobilizationsurge. 
Constant  study  and  planning  must  be  conducted  to 
ensure  that  new  transportation  facilities  are  proxdded 
and  old  systems  rehabilitated  in  a  manner  that  will 
enhance  the  nation's  wartime  mobilization  transpor¬ 
tation  demands.  The  United  States  must  have  suffi¬ 
cient  ground  trartsportation  to  trarrsport  personnel 
and  materiel  to  ports  of  embarkation  within  CONUS, 
and  sufficient  air  and  sea  assets  to  transport  them 
(XrONUS  to  the  area  of  conflict. 
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War  Reserve  Stocks  and  Strategic  Stockpiles.  The 
United  States  must  maintain  enough  ivar  reserves  (mili- 
taiy  equipment)  and  strategic  stockpiles  (raw  materials 
that  are  not  produced  domestically  in  sufficient  qirantity 
to  meet  wartime  demands)  of  critical  resources  in  peace¬ 
time  to  last  firom  the  time  that  initial  stocks  areconsumed 
until  the  industrial  base  can  convert  to  wartime  footing 
and  sustciin  the  needed  flow  of  weapoits,  ammunition, 
equipment,  and  other  essential  implements  of  war. 

Personnel  Resources.  The  United  States  must  pro¬ 
vide  adequately  for  manned  reserve  components  that 
are  thoroughly  trained  and  ready,  with  little  or  no 
notice,  to  engage  in  hi,’h-intensity  warfare.  It  also 
needs  enough  pretrained  individuals  to  fill  active-  and 
reserve-component  units  to  wartime  strength  and  to 
provide  casualty  replacements  until  the  draft  and  the 
training  base  can  provide  trained  personnel  to  sustain 
the  wartime  forces. 

Ready  Support  Base.  Mobilization,  deployment, 
and  sustainment  depend  on  an  effective  support  base 
in  CONUS.  The  United  States's  capability  toconvert  to 
a  wartime  footing  must  be  continuously  assessed,  and 
remedial  action  must  be  taken  where  necessary  to 
etrsure  the  most-rapid  conversion  to  a  wartime  pos¬ 
ture.  The  support  base  includes 

•  support  from  federal  agencies  (such  as  the 
Selective  Service  System), 

•  expansion  of  the  CONUS  transportation, 

•  expansion  of  the  CONUS  medical  base, 

•  expansion  of  the  personnel  system, 

•  expansion  of  installations, 

•  support  to  and  expansion  of  the  training  base, 

•  industrial  expansion,  and 

•  increa,sed  capabilities  of  the  reserve  component. 

The  Mobilization  Process 
Premobilization 

Premobilization  is  a  general  term,  apparently  with¬ 
out  specific  definition.  Premobilization  can  be  consid¬ 
ered  to  reflect  a  state  of  readiness  only  after  a  degree  of 
mobilization  has  been  achieved.  Military  pbnncrs 
think  of  the  U.S.  Army  as  always  in  a  state  of 
premobilization.  If  international  conditions  or  na- 
tionalemergencies  warrant,  the  president  of  the  United 
States  can  activate  the  Presidential  200K  Call-up.  This 
authorizes  that  individuals  of  the  selective  reserve- 
up  to  200,(X)0  members  from  all  services — be  mobi¬ 
lized  for  up  to  90  days  to  meet  the  requirements 
military  contingency.  Premobilization  does  not  ho 
a  direct  impact  on  the  industrial  base. 


Levels  of  Mobilization 

The  magnitude  of  the  emergency  governs  the  level 
of  mobilization.  As  authori^  by  law  or  congres¬ 
sional  resolution,  and  when  directed  by  the  president, 
the  DoD  mobilizes  all  or  part  of  the  armed  forces. 
Concurrently,  the  DoD  and  other  federal  agencies 
marshall  the  national  resources  necessary  to  sustain 
the  armed  forces. 

Selective  Mobilization.  For  a  domestic  emergency, 
either  congress  or  the  president  can  order  expansion  of 
the  active  armed  forces  by  mobilization  of  reserve 
component  units  or  individual  ready  reservists  (IRRs), 
or  both,  if  necessary  to  protect  lives  and  federal  prop¬ 
erty  and  functions,  or  to  prevent  disruption  of  f^eral 
activities.  A  selective  mobilization  normally  would 
not  be  associated  with  the  requirement  for  contin¬ 
gency  plans  involving  internal  threats  to  the  national 
security. 

Partial  Mobilization.  Fora  contingency  operation 
or  war  plan,  or  upon  the  declaration  of  a  national 
emergency,  congress  or  the  president  can  order  aug¬ 
mentation  of  the  active  armed  forces,  short  of  a  full 
mobilization,  by  mobilizing  up  to  1  million  members 
of  the  ready  reserve  for  up  to  24  months. 

Full  Mobilization.  Full  mobilization  requires  that 
congress  pass  a  public  law  or  joint  resolution  declaring 
war  or  a  national  emergency.  It  involves  the  mobiliza¬ 
tion  of  all  reserve  component  units,  all  IRRs,  all  skel¬ 
eton  units  within  the  existing  force  structure,  and  the 
material  resources  needed  to  support  and  equip  the 
expanded  force  structure. 

Total  Mobilization  Total  mobilization  involves 
expanding  the  active  forces  by  organizing  or  activat¬ 
ing,  or  both,  (fl)  additional  units  or  personnel  beyond 
the  existing  force  structure  and  (W  all  the  natioiral 
resources  needed,  including  production  facilities  to 
complement  and  sustain  such  forces.  The  last  time  that 
the  United  States  was  totally  mobilized  was  during 
World  Warn. 

Legal  Basis  for  Mobilization  of  Reserve  Qrmponents 

The  authority  toorder  mobilization  resides  with  the 
president,  the  congress,  or  both.  The  secretary  of 
defense,  on  the  adxdce  and  recommendation  of  the 
service  secretaries  and  the  joint  chiefs  of  staff,  recom¬ 
mends  that  mobilization  authority  be  granted  to  sup¬ 
port  a  contingency  (a  situation  for  which  no  specific 
plan  exists),  an  operation  plan  (a  plan  previously  de¬ 
veloped  by  an  unified  command  and  approved  by  the 
NationalCommandAuthority),orothertrationalemer- 
gency.  The  secretary  of  defense  directs  the  mobiliza- 
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tion  of  reserve  component  units  and  manpower 
through  the  respective  military  departments. 

Extension  of  Appointments,  Enlistments,  and 
Periods  of  Service  (Stop  Loss) 

Stop  loss  is  the  process  by  which  the  period  of 
active^uty  service  of  any  memberof  the  armed  forces 
of  the  United  States  is  extended  involuntarily  for  the 
duration  of  a  national  emergency  or  declared  war  plus 
6  months.  There  are  three  principal  situations  in  w/hich 
stop  loss  might  be  invoked: 

•  First,  stop  loss  is  automatically  invoked  and 
immediately  effective  if  congress  declares  war 
ora  national  emergency.  Enlistments  are  auto¬ 
matically  extended .  Reserve-component  offic¬ 
ers  are  appointed  for  an  indefinite  period  and 
are  held  at  the  pleasure  of  the  president.  If 
congress  is  in  session,  the  president  must  re¬ 
quest  congressional  authority  to  extend  enlist¬ 
ments  in  any  situation  other  than  a  congres- 
sionally  declared  war  or  national  emergency. 

If  congress  is  not  in  session  and  the  president 
decides  that  the  national  interest  so  requires, 
the  president  may  authorize  the  secretary  of 
defease  to  extend,  for  not  more  than  6  months, 
any  individual's  military  status  that  expires 
before  the  30th  day  after  congress  next  con¬ 
venes.  (This  process  occurred  during  Opera¬ 
tion  Desert  Shield.) 

»  Second,  the  joint  chiefs  of  staff  will  recommend 
that  stop  loss  be  invoked  for  active-duty  and 
reserve  components  when  an  involuntary  mo¬ 
bilization  of  reserve  components  is  being 
executed.  Exceptions  to  this  policy  would 
be  a  presidential  call-up  of  the  national  guard 
in  a  domestic  emergency  or  a  90-day  order 
for  operational  missions.  Both  these  excep¬ 
tions  envision  a  verv  short  term  of  activedutv. 
State  governments,  however,  may  call  up 
national  guard  units  for  local  and  state  emer¬ 
gencies. 

•  Third,  the  need  to  draft  soldiers  through 
the  Selective  Service  System  must  be  consid¬ 
ered  in  consonance  with  the  mobilization  of 
reserve  components.  Currently,  the  Military 
Selective  Service  Act  provides  that  ind  ividuals 
can  only  be  inducted  as  a  result  of  an  act  of 
congress.'* 


Phases  of  Mobilization 

For  ease  in  describing  the  process,  the  phases  of 
mobilization  can  be  described  as  (a)  peacetime  plan¬ 
ning  and  preparation  (premobilization),  (b)  alert,  (c) 
mobilization,  (d)  deployment,  and  (e)  sustainment.  As 
a  continuous  process,  mobilization  can  proceed  at  a 
deliberate  pace  from  peacetime  preparation  to  mobili¬ 
zation  (M-day),  deployment  (C-day),  and  the  begin¬ 
ning  of  the  contingency  operation  or  hostilities  (D- 
day).  The  pace  would  be  dictated  by  the  deteriorating 
international  relations.  Alternatively,  the  process  can 
proceed  at  an  accelerated  pace,  collapsing  the  interval 
between  peacetime  planning  and  preparation  and  D- 
day .  In  the  event  of  a  surprise  attack  on  the  United  States 
or  her  NATO  allies,  the  process  would  proceed  rapidly 
and  D-day  would  precede  or  coincide  with  M-day. 

Alert,  Mobilization,  and  Deployment 

On  receiving  the  order  to  mobilize,  the  army  alerts 
the  active  force  and  simultaneously  begins  the  selec¬ 
tive,  partial,  or  full  mobilization  of  reserve-component 
units,  manpower,  and  nvateriel  within  the  approved 
force.  The  force,  or  portions  of  it,  can  augment  an 
established  theater  of  operations  such  as  the  European 
commands  or,  alternatively,  can  augment  an  emer¬ 
gency  force  such  as  the  raj  i  -  deployment  force  (RDF) 
in  contingency  operations.  In  any  case,  under  the 
general  supervision  of  headquarters,  DA,  and  using 
more  than  50  available  mobilization  stations  as  neces¬ 
sary,  active-  and  reserve-comfHjnent  units  are  brought 
to  combat-ready  status  and  are  then  deployed  by  air 
and  sea  to  areas  of  operation.  The  services  are  respxjn- 
sible  for  providing  healthcare  support  to  the  active 
mobilization  stations.  An  already  active  medical  unit 
can  provide  this  supjwrt,  ora  reserve  medical  unit  can 
beactivated  and  assigned  the  task.  This  medical  support 
is  addressed  in  detail  in  the  mobilization  plan. 

The  initia!  resources  sustain  the  deployed  force  until 
reinforcement  and  resupply  can  be  affected,  until  the 
emergency  is  resolved,  or  until  the  industrial  and  train¬ 
ing  base  assume  a  wartime  footing.  Active-compwnent 
units  that  are  in  place  in  the  theater  of  opjerations“are“ 
called  forward  dqtioycd  units.  Other  active-compx>nent 
units,  most  of  them  CONUS-based,  are  earmarked  to 
sup>{x>itoneormoreopx!rational plans.  Reserve-compx>- 
nent  units  that  are  ondered  to  active  duty  can  be  ear¬ 
marked  either  to  support  one  or  more  op)erational  plans 
or  to  become  part  of  the  CONUS  base. 
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THE  MOBIUZED  INDUSTRIAL  BASE 


Current  mobilization  and  operations  plans  prima¬ 
rily  address  the  AMC's  and  AMEDDs  support  of 
deployed  combat  and  combat-support  units.  It  is 
possible  that  detailed  documentation  of  contingency 
plans  for  AMC  installations  during  total  mobiliration 
do  not  exist.  Few  if  any  platis  describe  how  AMEDD 
will  support  the  mobilized  industrial  base.  What  is 
known  is  tnat  (a)  most  of  the  army's  medical  assets  will 
be  either  deployed  within  the  combat  zone  or  assigned 
to  CONUS  medical  facilities  to  care  for  evacuated 
casualties  and  (b)  AMEDD  personnel  assigned  to 
the  AMC  installations  will  be  responsible  for  support¬ 
ing  the  industrial  workforce.  If  plans  to  support  the 
mobilized  industrial  ba.se — especially  in  the  fields  of 
preventive  medicine  and  occupational  health — are  in¬ 
adequate,  then  medical  support  to  these  installations  is 
likely  to  be  inadequate.  Inadequate  medical  support 
could  well  make  the  difference  between  a  healthy, 
efficient  workforce  and  an  unhealthy,  inefficient 
workforce;itcould,potentialiy,evenmakethedifference 
between  effective  industrial  operations  that  jjrovide 
needed  materiel  support  to  the  war  fighters— and  defeat 
To  provide  this  support  we  must  know  rivo  things:  what 
the  mobilized  industrial  base  will  look  like  and  what 
AMEDD  can  do  to  protect  the  health  of  the  force. 

Of  this  entire  volume,  the  sections  that  follow  were 
perhaps  the  most  difficult  to  prepare.  The  difficulty 
was  due,  primarily,  to  the  lack  of  pertinent,  authorita¬ 
tive  sources  of  information.  Only  two  fairly  adequate 
sources  were  found:  (1)  the  transcript  of  a  US.  Army 
Preventive  Medicine  S)mposium  held  in  September, 
1957,  which  dealt  with  occupafional  health  support  for 
the  mobilized  industrial  b^;  and  (2)  the  report  of  a 
survey  conducted  by  USAEHA  industrial  hygiene 
personnel  at  an  inactive  army  ammunition  plant  in 
1988.  What  follows  is  not  a  factual,  detailed  discussion 
of  what  the  mobilized  industrial  base  would  be,  nor 
what  specific  occupational  health  program  services 
would  be  required.  Rather,  it  is  a  general  discussion  of 
those  factors  that  are  likely  to  be  important  for  consid¬ 
eration  if  AMEDD  is  called  upon  to  support  a  fully 
mobilized  industrial  base. 

For  purposes  of  this  discussion,  the  term  industrial 
mobilizalion  refers  to  the  conversion  of  peacetime  pro¬ 
duction  capabilities  to  full-scale  production  of  military 
items.  Industrial  mobilization  would  affect  not  only 
the  AMC  industrial  base  but  also  private-sector  manu¬ 


facturers  of  every  type.  Mobilization,  if  required  to¬ 
day,  would  be  characterized  by 

•  radical  clianges  in  thequalitativeand  quantita¬ 
tive  nature  of  processes  and  products; 

•  the  use  of  old,  out-dated,  and  possibly  unsafe 
production  processes; 

•  the  development  of  new,  untested  methods 
and  products;  and 

•  majordemographicalterationsintheworkforce. 
Changes  in  Industrial  Processes 

Upon  mobilization,  AMC's  government-owned, 
government-operated  plantsand  government-owned, 
contractor-operated  plants  would  increase  produc¬ 
tion  as  rapidly  as  possible.  Full  production  would 
require  the  lengthening  of  workshifts  to  as  much  as 
two  12-hour  shifts,  7  days  per  week.  Production 
would  also  be  increased  significantly  by  adding  key 
production  lines.  A  number  of  the  plants  already  have 
floor  space  designated  for  these  additional  lines,  and 
the  pr^uction  machinery  is  kept  in  storage. 

Increased  production  would  bo  accompanied  by 
four  important  occupational  health  concerns.  Rrst, 
engineering  controls  already  in  place  (especially  ex¬ 
haust  ventilation)  are  probably  designed  for  current 
production  levels.  Increasing  the  rate  of  production  or 
the  number  of  lines  might  exceed  the  capability  of  the 
controls  to  maintain  airborne  levels  of  potentially  haz¬ 
ardous  substances  within  acceptable  limits.  SKond, 
increasing  the  number  and  length  of  workshifts  would 
place  workers  at  increased  risk  from  both  safety  haz¬ 
ards  (tired  workers  are  more  likely  to  be  careless)  and 
toxicological  hazards  (the  workers  are  exposed  for 
longer  times).  For  example,  during  World  War  II,  the 
push  for  increased  production  in  ammunition  plants 
led  to  increased  exposure  to  toxic  hazards  (such  as 
TNT)  and  significant  inaeases  in  job-related  disease 
from  that  exposure.  Third,  stored  equipment  is  less 
likely  to  have  up-to-date  safely  features,  and  equip¬ 
ment  operators  would  be  less  likely  to  be  adequately 
familiar  with  its  operation.  And  fourth,  increased 
production  and  increased  numbers  of  shifts  would 
require  a  larger  workforce,  most  of  whom  would  be 
inexperienced  and  possibly  inadequately  trained, 
thereby  increasing  t^ir  risk  of  injury. 
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Mobilization  would  also  ha  ve  an  impact  on  private- 
sectormanufacturers.  Forexample,autcmobilemanu- 
facturers  in  ihe  United  States  have  agreements  with 
the  United  States  government  that  they  will  produce 
military  vehicles  if  requested.  A  mobilized  automo¬ 
tive  plant  might  begin  to  produce  tanks.  Some  indus¬ 
tries  would  be  asked  tomakeeven  moreradicalchanges 
in  production.  For  example,  seven  complete  plant- 
equipment  packages  for  the  production  of  cannons  are 
stored  at  various  locations  throughout  the  United  States. 
During  mobilization,  these  paclages  would  be  brought 
out  of  storage  and  set  up  at  private-sector  factories. 
Such  radical  changes  in  product  would  be  likely  to 
pose  significant  risks  to  the  workforce. 

The  AMC  maintains  a  number  of  mothballed  am¬ 
munition  and  other  production  plants.  These  pbnts 
would  probably  be  reopened  if  the  United  States  were 
to  enter  into  a  protracted,  full-scale  war.  The  occupa¬ 
tional  health  concerns  associated  with  reopening  older 
facilities  are  addressed  in  detail  later  in  this  chapter. 

Developm‘’"t  of  New  Technology  and  Products 

The  drive  for  increased  production  has  always  led 
to  advances  in  technology  and  modernization  of  facto¬ 
ries.  Whenanadversaryemploysnewweapons  systems, 
nations  either  perish  or  respond  by  developing  similar  or 
better  weaporw  and  adequate  defeirses.  Often,  the  need 
to  develop  new  technologies  quickly  overrides  the  need 
to  assure  that  safe  and  adequate  processes  and  products 
are  developed.  For  example,  in  response  to  Operation 
Desert  Shield,  the  AMC  stepped  up  the  development 
of,  and  prepared  to  manufacture  and  deploy,  more  than 
40  new  major  items.  One  of  these  was  a  lightweight, 
chemical-protectionovergarment,developed  in  response 
to  the  possibility  tlrat  chemical  weapons  would  be  used 
in  a  hot,  desert  enviroruiwnt. 

Fortunately,  processes  were  in  place  to  thoroughly 
review  the  product's  efficacj'  and  safety  before  the  gar¬ 
ment  was  purchased  and  deployed  (the  HHA  process, 
which  is  the  subject  of  Chapter  6,  Health  Hazard  Assess¬ 
ments).  Had  the  garment  been  fielded  without  an 
HHA,  we  would  have  learned  quickly  that  not  only  did 
it  not  provide  adequate  chemical  protection,  but  in  the 
desert  heat  it  also  provided  no  heat-stress  advantage. 
Specifically,  lightweight  protective  clothing  needed  to 
meet  tw’o  requirements:  (1)  the  protection  provided 
needed  to  equal  or  exceed  the  currently  fielded  Battle 
Dress  Overgarment  and  (2)  the  garment  needed  to  pro¬ 
vide  at  least  a  20%  reduction  in  heat  stress  in  the  desert 
environment.  The  recommended  garment  did  neither. 


The  Expanded  and  Inexperienced  Workforce 

Total  mobilization  will  change  the  nature  of  the 
workforce,  much  as  it  changed  during  World  War  II. 
Obviously,  the  size  of  the  workforce  would  have  to 
increase  dramatically  to  staff  additional  shifb,  new 
productions  lines,  and  newly  opened  plants.  Most  of 
these  new  employees  would  be  inexperienced  and 
require  job  training.  The  degree  of  urgency  for  the 
pr^uct  would  be  the  primary  factor  influencing  the 
time  available  to  assure  adequate  job  training.  A 
largely  untrained,  inexperienc^  workforce  would  be 
likely  to  experience  significant  injury  and  illness  rates 
if  the  occupational  safely  and  health  staff  are  not 
sufficiently  prepared  and  vigilant. 

The  demographic  characteristics  of  the  workforce 
would  also  be  changed.  The  selective  service  draft 
would  probably  be  reinstituted,  and  during  its  initial 
stages,  young,  healthy  males  would  be  entering  mili¬ 
tary  service  and  not  be  available  to  the  industrial 
base.  A  large  number  of  older  men  and  women,  not 
necessarily  eligible  for  the  draft,  would  probably  vol- 
un  eer  for  military  service,  which  would  remove  this 
population  from  the  industrial  base  also.  Thus,  demo- 
graphically,  the  remaining  industrial  workforce  would 
be  older,  less  healthy,  and  contain  more  women  who, 
at  least  temporarily,  would  be  additionally  burdened 
by  being  single  heads  of  households. 

Medical  Support  of  the  Mobilized  Industrial  Base 

All  the  characteristics  of  the  mobilized  industrial  base 
described  above  would  affect  the  need  for  quantitative 
and  qualitative  changes  in  the  medical  support  provided 
by  the  AMEDD.  Ideally,  every  AMC  installation  would 
have  an  up-to-date  mobilization  plan,  as  is  required  by 
Army  Regulation  (AR)  700-90,  The  Amy  Industrial  Base 
Program.^  Included  in  this  plan  would  be  a  detailed 
discussion  cf  anticipated  changes  in  both  processes  and 
the  workforce.  Attached  to  this  plan  should  be  the  HSC 
clirvic's  plan  for  supporting  the  mobilized  installation. 
Unfortunately,  this  is  probably  not  the  case. 

Although  the  nature  cf  the  occupational  health 
services  provided  might  change,  the  greatest  impact 
would  probably  be  in  the  amount  of  services  needed. 
Each  H^  diiuc  has  what  is  known  as  a  mobilization 
Table  of  Distribution  and  Allowance  (TD.A),  which 
describes  required  staffing  levels.  Because  the  plan¬ 
ning  at  AMC  and  HSC  has  not  been  well  coordinated, 
some  TDAs  for  clinics  are  likely  to  be  inadequate,  if  not 
wholly  unrealistic. 
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•  The  mobilization  mission  at  one  AMCCOM 
installation  requires  that  it  increase  its  patient 
load  up  to  Mold.  Its  mobilization  TDA  calls  for 
increasing  medicalofficers  by  five,  However,the 
same  TDA  increases  the  clerk  typists  by  on/y/av. 

•  Another  HSC  clinic,  which  could  also  be  ex¬ 
pected  to  increase  its  workload  up  to  3-foId, 


has  a  mobilization  TDA  that  is  exactly  the  same 
as  its  peacetime  staffing. 

Clearly,  if  total  mobilization  were  to  be  implemented 
under  these TDAs,  it  is  highly  probable  that  healthcare 
services  provided  by  the  installation  medical  facility 
would  be  substantially  inadequate. 


U,S.  ARMY  ENVIRONMENTAL  HYGIENE  AGENCY  MOBILIZATION  STUDY 


To  ascertain  the  potential  for  occupational  health 
problemsduringmobilization,theUSAEHA  conducted 
a  survey  of  an  inactive  U5.  Army  ammunition  plant 
in  May  19M.‘  The  survey  is  included  in  this  textbook 
because  it  is  the  only  report  of  its  kind  available.  The 
findings  that  follow  may  or  may  not  be  representative 
of  the  problems  that  exist  throughout  the  army's  in¬ 
dustrial  base,  or  even  at  plants  similar  to  the  one 
surveyed.  Even  so,  the  report  offers  interesting  in¬ 
sights. 

Although  the  plant  was  classified  as  inactive,  tb^ee 
production  lines  were  in  operation  at  that  time.  The 
primary  mission  of  the  plant  was  to  manufacture  metal 
parts  for  various  ty-pes  of  ammunition,  which  most 
recently  had  consisted  of  40-mm  and  60-mm  projec¬ 
tiles,  81-mm  mortar  bodies,  and  grenade  bodies.  The 
secondary  missions  included  the  operation  and  main¬ 
tenance  of  active  and  layaway  facilities;  the  procure¬ 
ment,  storage,  and  issue  of  necessary  supplies  and 
materials;  and  industrial  preparedness  and  mobiliza¬ 
tion  planning. 

The  process  flow  of  individual  production  lines  was 
divided  ip*o  two  major  areas — mortar  shells/case  car¬ 
tridges  and  grenade  bodies — ^although  the  production 
processes  were  very  sim>  ar.  The  metal  bar  stock  was 
first  cut  into  billets,  blasted  wth  an  abrasive  material, 
and  then  heated  in  an  induction  fun\„ce.  The  billets 
were  then  surface-treated  in  processes  such  as  acid 
picklingoralkalinecleaningbeforethey passed  through 
a  series  of  progressive  forging  operations.  The  metal 
parts  then  progressed  through  metal-machining  and 
heat-treating  operations  before  the  final  painting,  in¬ 
spection,  and  packaging  phases.  In  addition  to  the 
process  outlined,  the  grenade-body  production  line 
included  machining  operations  with  chlorinated  oil, 
wet-vibratoiy'  debuiring,  and  nondestructive  testing, 
such  as  ultrasonic  crack  testing.  The  U5AEHA  survey 
team  ascertained  the  potential  health  hazards  associ¬ 
ated  with  each  phase  of  the  ammunition  production 
process  (Table  2-4). 


Survey  Findings 

To  project  problems  in  mobilization,  the  USAEHA 
had  to  make  several  assumptions  before  reaching 
any  conclusioirs.  The  agency  assumed  that  the  ammu¬ 
nition  plant's  mission  during  mobilization  would 
continue  to  be  the  manufacturing  of  metal  parts 
for  various  types  of  ammunition.  Of  course,  pro¬ 
duction  rates  would  increase  during  mobilization 
from  an  8-hour  workday  and  40-hour  work  week 
to  a  10-hour  workshift  with  two  shifts  per  day.  To 
adequately  protect  workers  from  overexposures, 
permissible  exposure  levels  (PELs)  had  to  he  calcu¬ 
lated  to  compensate  for  the  increased  production  rate. 
The  agency  also  as.sumed  that  federal  and  DA  occu¬ 
pational  safety  and  health  regulations  would  not 
be  waived  during  mobilization.  These  assumptions 
directed  the  USAEHA  to  make  several  discoveries 
relating  to  (a)  personal  protective  equipment  (PPE), 
(b)  the  respiratory  protection  program,  (c)  the  hazard 
communication  program,  (d)  the  asbestos  manage¬ 
ment  plan,  (e)  the  hearing  conservation  program, 
and  (/)  occupational  health  and  industrial  hygiene 
support. 

Personal  Protective  Equipment 

The  survey  reported  that  those  who  worked  on  the 
active  production  lines  were  provided  dpplicable  PPE 
such  as  safety  glasses,  steel-toed  shoes,  and  hearing 
protection.  If  mobilization  were  tooccur,  theinaeased 
workforce  would  also  require  PPE,  the  assignment  of 
which  presumes  medical  evaluations  and  clearances 
and  necessitates  a  formal  training  and  fitting  pro¬ 
gram.^  Without  the  services  of  adequate  planning  and 
support  personnel  such  as  occupational  health  profes¬ 
sionals,  the  potential  for  mobilized  workers  to  be  as¬ 
signed  tasks  without  first  receiving  proper  PPE,  train¬ 
ing  and  fitting  instructions,  or  medical  evaluation 
increases. 
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TABLE  2-4 

ANALYSIS  OF  HAZARDS  IN  AN  AMMUNITION  PLANT 


Oper;]tion 


Abrasive  Blasting 
Blasting  pa»ts  with  steel  shot 


Dip-Tank  Cleaning 
Treating  parts  in  H3PO4  solution 

Surface  Preparation 

Surface  ireating  parts  in  HjSO^  or  NaOH 
Plating 

Treating  parts  in  H2Cr04  solution 
Metal  Finishing 

Vibieting  parts  in  abrasive  stone  and  weak  alkaline  water  solution 
Painting 

Painting  parts  (electrostatic,  brush,  or  roller)  wnth  lead  and  chromate  primer,  top 
coal  (lacquer,  enamel),  and  drying  in  oven 


Foiging  (Cold  or  Hot) 

Forging  parts  vdth  hydraulic  presses 


Heat  Treating 

Annealing  parts  in  liquid-propane  gas  furnace  containing  an  Nj  atmosphere,  and 
may  also  contain  various  salts  of  CaCl2,  Ba,  Na,  or  K 


Induction  Heating 
Heating  parts  in  electric  furnace 
Machining 

Machining  parts  using  cutting  fluids 


Shearing 

Shearing  or  cutting  metal  bar  stock 
Part  Lubrication 

Coating  parts  with  graphite  lubricant 
Phosphate  co.at 
Coating  parts  with  Znj(P04)2 
Nondestructive  testing 
Ultrasonic  testing  of  metal  parts 


Potential  Health  Hazard 


Total  nuisance  dust 
Total  respirable  dust 
Various  metals  and  oxides 
Noise 

H3P04irast 

H2SO4 

NaOH 

H2Cr04  mist 

Various  metals  and  oxi'^es 
Noise 

Chromates 

Uad 

Noise 

Various  solvents 

Noise 
Heat  stress 
Oil  mists 

NOx 

Heat  stress 
CO 

Soluble  Ba  compounds 
Asbestos 
Crystalline  silica 

Heat  stress 

Noise 
Oil  mists 
Metal  Ox 


Noise 


Graphite 
None  noted 
None  noted 


Source;  US  Army  Environmental  Hygiene  Agency.  Induslnat  Hygiene  Mtihlizrtion  ‘Purvey.  Srnrrfwni  Army  Ammunition  Plant. 
Rirerkink,  Calif.  Aberdeen  Proving  Ground,  Md:  USAEHA;  1988.  Survey  55-71-0033-891. 
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Respiratory  Protection  Program 

The  ammunition  plant  maintained  a  respiratory 
protection  program,  which  would  require  drastic  ex¬ 
pansion  in  resources  on  mobilization.  However,  if 
engineering  controls  similar  to  those  on  active  produc¬ 
tion  lines  were  to  be  operatioiral  throughout  the  facil¬ 
ity’,  respirators  would  probably  not  be  required.  Prior 
to  this  determination,  sampling  would  be  imperative 
to  document  airborne  contaminant  exposure  levels. 
No  comprehensive  airborne  sampling  had  ever  been 
conducted  todemoirstrate  workplaceexposures.  Dur¬ 
ing  the  survey,  the  local  exhaust  ver^tilation  systems  on 
the  inactive  production  lines  were  found  to  be  either 
absent  or  not  in  operable  condition  due  to  frozen 
bearings,  removed  belts,  or  disconnected  electrical 
power.  Much  of  the  equipment  had  been  cannibalized 
or  removed  and  placed  in  storage. 

Hazard  Communication  Program 

In  accordance  \vith  Occupational  Safety  and  Health 
Administration  (OSH A)  regulation  29  CHI  1910.12(X), 
Hazard  Communicaliou,  employers  are  required  to  fully 
inform  every  employee  who  is  potentially  exposed  to 
a  workplace  hazard  of  ali  that  is  known  about  that 
hazard.’  Thns  is  the  essence  of  hazard  communication. 
The  ammunition  plant  contractor  had  ensured  that  the 
air-pollution-control  technician  provided  plant  work¬ 
ers  with  hazard  communication  training.  Horvever,  just 
as  the  respirato*y  protection  program  would  require 
more  attention  during  mobilization,  so  the  iiazard  com¬ 
munication  program  must  also  expand  with  increased 
workforce  and  production  rates.  To  maintain  compli¬ 
ance  with  OSHA's  hazard  communication  standard, 
frequent  training  must  be  conducted  both  as  new 
workers  enter  the  wo;  kplace  and  as  increased  produc¬ 
tion  increases  the  possible  hazards. 

Asbestos  Management  Plan 

No  written  asbestos  management  plan  was  avail¬ 
able  at  the  plant  during  the  survey.  Although  material 
suspected  of  containing  asbestos  was  observed  within 
both  active  and  inactive  areas,  it  appeared  to  be  con¬ 
tained  and  nonfriable.  However,  suspect  asbestos- 
containing  material  found  outdoors  on  above-ground 
steam  and  water  lines  was  damaged  and  friable. 

Hearing  Conservation  Program 

No  mastor  list  or  diagram  of  hazardous  noise  areas 
wi»hin  the’  (lant  wasavailableduringthesurvcy.  Tnis 


was  unfortunate  because  this  document  would  have 
aided  significantly  in  estimating  the  resources  required 
for  a  hearing  conservation  program  (for  example,  the 
type,  amount,  and  cost  of  hearing  protective  devices 
necessary;  and  the  rumber  cf  potentially  exposed 
workers  requiring  training  and  medical  surveillance). 
The  accumulation  of  noise  data  to  establish  a  historical 
record  of  noise  levels  must  be  accomplished  overtime, 
as  inactive  lines  are  activated.  In  the  interim,  extrapo¬ 
lations  can  be  made  betw'een  similar  active  and  inac¬ 
tive  operations  to  predict  hazardous  noise  areas. 

Occupational  Health  and  Industrial  Hygiene 
Support 

The  agency  discovered  tliat  me  contract  between 
the  DA  and  the  contractor,  as  well  as  the  industrial 
readiness  plan  (IRP),  the  industrial  preparedness  plan 
(IPP),  and  the  mobilization  master  plan  (MMP)  lacked 
stipulations  for  industrial  hygiene  and  ocoipational 
health  services."  '*’ 

Survey  Recommendations 

Based  on  «urv'ey  findings  and  predicted  mobiliza¬ 
tion  requirements,  the  agency  provided  several  rec¬ 
ommendations  for  the  ammunition  plant  to  help  pro¬ 
tect  both  contractor  and  government  personnel,  and  to 
ensure  regulatory  compliance.  Although  government 
contractors  are  obligated  to  adhere  to  federal  regula¬ 
tions,  the  USAEHA  maintains  that  all  applicable  U.S. 
Army  regulations,  as  specified  in  the  recommenda¬ 
tions  that  follow,  be  incorporated  in  the  contract: 

•  Address  the  availability,  piocutement,  and  issue 
of  applicable  PPE,  and  required  training,  fitting 
and  medical  evaluation  of  personnel  in  mobi¬ 
lization  plans  and  timetables,  as  required  by 
Title  29,  Code  of  Federal  Regulations  (CFR), 
Section  1910.132(a),  Pcrso:ial  Prolccliiv  Equif}- 
matl' and  AR  385-1 0,  The  Army  Safely  Program.' 

•  Perform  industrial  hygiene  evaluations  and 
document  air  sampling  of  the  inactive  produc¬ 
tion  lines,  once  they  are  activated  for  mobiliza¬ 
tion  or  premobilization,  to  identify  the  need  for 
PPE  and  engineering  controls,  as  maintained 
by  Title  29,  CFR,  S^ion  1910.1(X)0(c),  Air 
Contaniiimnls'';  AR  40-5,  Preivnlitv  Medicine'^ 
and  Technical  Bulletin,  Medical  (TB  MED)  502, 
Occupational  and  Environmadal  Health  Respira¬ 
tory  Protection  Program." 

•  Perform  occupational  noise  evaluations  of  in- 
act,  production  lines,  once  they  have  been 
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activated  for  mobilization  or  premobilization, 
to  establish  a  master  list  and  a  diagram  of 
hazardous  noise  areas  and  to  evaluate  PPE  and 
engineering  controls,  as  maintained  by  Title 
29,  CFR,  Section  1910.95(c)  and  (d).  Hearing 
Consenvition'^;  AR  40-5'^;  and  TB  MED  501, 
Occupational  and  Environmental  Health  Hearing 
Conservation.'*' 

•  Establish  an  asbestos-management  program 
to  preclude  both  worker  exposure  and  asbes¬ 
tos-fiber  release  into  theenvironment,as  main¬ 
tained  by  Title  29,  CFR,  Section  1910.1001,  As¬ 
bestos,  Tremolite,  Anthophyllite,  and  Actinolite''; 
and  TB  MED513,  Ocaipationalcnd  Environmen¬ 
tal  Health  Guidelines  for  the  Evaluation  and  Con¬ 
trol  of  Asbestos  Exposure.'* 

•  Modify  the  exbting  contract  between  the  DA 
and  the  contractor  to  include  occupational 
health  support,  as  maintained  by  AR  40-5.'* 

•  Maintain  engineering  controls  that  protect  the 
workers'  health. 

•  Modif}'  the  AMCCOM  319-R,  Current  or  Back¬ 
log  of  Deficiency  Idetttification  and  hidustrial  Pre¬ 
paredness  Measure  of  the  /PF,”  to  include  a  more 
specific  breakdown  of  occupational  safety  and 
health  deficiencies  into  two  separate  categories: 
occupatioruii  safety  and  industrial  hygiene. 

•  Modify  the  IPP  mobilization  manpower  re¬ 
quirements  to  include  clerical  support  for  the 
government  safety  office,  and  staffing  require¬ 
ments  for  industrial  hygiene,  optometry,  occu¬ 
pational  health  nursing,  clinical  laboratory  X- 
ray  technicians,  and  occupational  health 
professionals. 

•  Modify  the  responsibilities  of  the  government 
safety  office  and  the  contractor's  health  and 
safety  administration  office  in  the  IPP  to  in¬ 
clude  industrial  hygiene  services. 

Survey  Implications  for  Mobilization  Preparation 

According  to  the  USAEH.A,  occupational  health 
support  is  absolutely  necessary  during  mobilization. 
The  need  to  maintain  a  viable  workforce  to  meet  pro¬ 
duction  quotas,  while  complying  with  federal  and  DA 
health  and  safety  regulations,  requires  a  professioiral 
staff  supporting  a  comprehensive  occupafional  health 
program.  The  survey  found  potential  occupational 
healih  problems  that  are  common  for  recently  mt^i- 
lized  depots  and  army  ammunition  plants  For  ex¬ 
ample,  the  ammunition  plant's  industrial  prepared¬ 
ness  plan  indicated  thatsafety'and  health  mbbilization 
manpower  requirements  for  goyemment  personnel 
induded  a  chief  safety  manager  and  two  safety  spe¬ 


cialists.  However,  manpower  for  contract  personnel 
included  a  safety  and  health  administrator  and  a  nurse. 
Surprisingly,  the  plan  did  not  identify  the  need  for  an 
occupational  health  physician,  an  occupational  health 
nurse,  industrial  hygiene  support,  or  even  clerical 
support  for  the  safety  office.'® 

Occupational  Health  Manpawer  Indicators 

The  amount  and  type  of  occupational  health  profes- 
siorrals  necessary  to  support  mobilization  are  partly 
dependent  on  the  installation's  populati  m  (Table  2-5). 
The  occupational  health  professioiuils  necessary  to 
support  mobilization  of  an  ammunition  plant  include 
occupational  health  physicians,  occupational  health 
nurses,  optometrists,  and  industrial  hygieitists.  (^n- 
tifying  theexact  numberof  occupational  health  profes- 
siorrals  necessary  to  support  operations  also  depends 
on  other  variables,  including  (o)  the  estimated 
workforce,  ib)  the  occupational  health  regulations  in 
effect,  (c)  the  production  and  control  processes,  and  Id) 
the  requirements  for  raw  materials  and  end  products 
(the  finished  products). 

Workforce.  The  composition  of  the  workforce  de¬ 
termines  the  amount  of  time  per  worker  required  of 
each  occupational  health  profession.  Industrial  opera¬ 
tors,  for  example,  wilt  require  more  preemployment 
medical  screening  than  a  clerk-t3q>ist,  whose  physical 
condition  to  withstand  the  physical  and  chemical  in¬ 
sult  of  the  metal-working  industrial  environment  is 
not  a  determinant  of  the  ability  to  perform  clerical 
duties.  Likewise,  the  industrial  hygienist  will  spend 
more  time  with  industrial  and  pr^uction  workers 
than  with  administrative  personnel. 

Occupational  Health  Regulations.  CXxupational 
health  regulations  tend  iobecomemore  numerousand 
complex;  there  is  no  indication  that  this  trend  will 
slacken  in  the  future.  The  more  stnngent  and  numer¬ 
ous  the  regulations  become,  the  more  occupational 
health  support  will  be  required  to  maintain  existing 
programs  such  as  hazard  conununicaiion,  medical  sur¬ 
veillance,  evaluation  of  engjnecrir.g  controls,  and  PPE, 
and  any  progranas  dictated  by  future  regulations. 
Because  these  regulations  cannot  be  waived  during 
mobilization,  the  number  of  occupational  health  profes¬ 
sionals  iieeded  to  maintain  the  regulations'  directives 
are  a  fector  in  determining  manpower  requirements. 

Production  and  Control  Processes.  Pi^uctionand 
control  processes  at  an  ammunition  plant  may  range 
from  itiactive  productioti  lines  with  cannibalized  or 
malfunctioning  engineering  controls  to  active  produc¬ 
tion  lines  with  adequate  engineering  controls.  Tlie 
condition  of  thcproductionandcontrolproccssesalso, 
in  part,  determine  the  level  of  occupational  health 
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TABLE  2-5 

OCCUPATIONAL  HEALTH  PROFESSIONALS  REQUIRED  PER  AMMUNITION  PLANT 


Position 

Installation  Populaticn 

Iitstaflation  Population  Increase 
Determining  Additioiul  Position 

Part-time  ocaipational  health  physician' 

<2,000 

Full-time  occupational  health  physician' 

>2,000 

3500 

Full-time  occupational  health  nurse* 

>350 

750-1,000 

Part-time  oplometrisl*^ 

<  10,000 

— 

Full-time  optometrist** 

>10.000 

— 

Full-time  clinical  laboratory/X-ray  technician^ 

>2,500 

— 

Full-time  industrial  hygienist^ 

>1,000 

1,000- 1550 

Full-time  industrial  hygiene  techniciant 

>750 

750-1,000 

Full-time  elerk/typist 

— 

>1,000 

'Source:  2en/  C,  ed.  Ocatpilumal  Mnliaiie,  Prmaple^.and  PracliccI  Applwatimis.  Chicago:  Year  Book  Medical  Publishers,  1984;  77-^ 
‘Source:  Breven  ML  Occiipet;enat  HivUit  Nursing,  PnncipIfS,  and  Pre:lices.  \’ew  York;  Springer  Publishing  Co;  1981: 224-226. 
^Source:  USAEH.A  unpublished  data. 


support  necessar}'.  With  continuing  developments  in 
new  end  products  and  manufacturing  techniques,  the 
level  of  occupational  health  support  xvill  be  influenced 
by  the  production  and  control  processes  existing  at  the 
time  of  mobilization. 

Rtnv  Materials  and  End  Products.  Like  production 
and  control  processes,  »he  types  of  raw  materials  and 
end  products  affect  the  level  of  occupational  health 
support  required.  Manufacturing  a  new  end  product 
means  changes  in  raw  materials  and  processing  tech¬ 
niques,  which,  in  turn,  alter  the  types  of  contaminants 
generated.  The  t)q)es  and  levels  of  health  hazards 
associated  with  the  raw  materials  and  contaminants 
generated  in  manufacturing  heip  to  determine  ocai- 
pational  health  manpower  requirements. 

Mobilization  Duties 

Not  only  are  occupational  health  professionals  nec¬ 
essary',  the  USAEHA  also  suggests  that  they  be  incor¬ 
porated  into  the  mobilization  workforce  as  early  as 
possible.  If  full-time  occupational  health  services  are 
not  necessary  at  a  specific  installation,  or  arc  time  and 
cost  prohibitive,  the  US.'iEHA  recommends  using  in¬ 
dependent,  or  fee-for-ser»ice,  occupational  health 
professionals  from  the  local  community.  It  is  also 
imperative  to  consider,  even  before  mobilization,  the 
clerical  and  technical  suppoi .  equipment,  analytical 
and  chemical  laboratory  support.  X-ray  capability, 
installation  trarsportation.and  other  servicesand  sup¬ 
ports  necessary  for  occupational  he<-ith  professionals 
toaccomplish  their  jobs.  Even  beforeoperations  begin, 
an  industrial  hygienist  should  make  a  prcopcrational 


in.spection  of  the  industrial  facility  to  determine 
the  occupational  health  hazards  and  requirements. 
This  process  would  include  a  facility  walk-through, 
where  the  industrial  hygienist— w'ith  a  list  of  raw 
materials,  intermediate  products,  final  products, 
byproducts,  and  hazardous  materials — scrutinizes 
pr^uct  flow,  equipment  placement,  and  every'  other 
aspect  of  the  industrial  operation.  Occasionally,  all 
machinery  is  in  place  and  operable,  but  at  other  times, 
some  of  the  equipment  is  in  storage  or  is  inoperable; 
then  the  industrial  hygienist  must  attempt  to  visualize 
it  as  a  fully  functioning  operation  with  all  its  equip¬ 
ment  in  place.  Nevertheless,  the  industrial  hygienist 
must  first  determine  the  adequacy  of  engineering  con¬ 
trols  to  protect  workers  from  occupational  exposures 
and  then,ifnecessary,select  the  necessary  PPE.  While 
the  facility  is  br  iig  readied  for  production,  occupa¬ 
tional  health  professionals  need  to  (<?)  provide  new 
employees  with  pre-employment  medical  evaluations 
where  baseline  data  are  required,  (W  train  and  fit-test 
lor  neces-sary  PPE,  and  (c)  itain  for  chemical  hazard 
communication,  as  authorized  by  05HA. 

Once  the  facility  is  operational,  it  will  still  take  lime 
for  the  occupational  health  professionals  to  assimilate 
the  specifics  of  the  industrial  operation.  Industrial 
hygiene  personnel,  firr  example,  rvill  require  firsthand 
knowledge  of  the  operation's  physical-agent  sources 
such  as  noise,  vibration,  and  heat  energy;  and  chemi¬ 
cal-agent  sources  such  as  gases,  mists,  and  vapors. 
This  knowledge  is  necessary  to  evaluate  the  effective¬ 
ness  of  existing  engineering  controls,  develop  abate¬ 
ment  actions,  and  analyze  administrative  controls  to 
further  reduce  exposure. 
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SUMMARY 


The  US.  Army  must  be  able,  at  a  moment's  notice, 
to  defend  the  nation  and  support  its  foreign  policy;  the 
army  must  also  be  able  to  mobilize  and  deploy  its 
reserve  component.  This  mission  cannot  be  t^n 
lightly.  The  US.  Army  operates  one  of  the  largest 
industrial  bases  in  the  nation,  mostof  which  is  under 
theconunand  and  control  of  the  AMC.  Divided  into  10 
subordinate  commands,  the  AMC  has  more  than 
100,000  employees,  and  operates  more  than  40  indus¬ 
trial  installations  throughout  the  world. 

The  responsibility  for  providing  adequate  medical 
support  to  the  army's  industrial  b^  falls  squarely  on 
the  shoulders  of  AMEDD.  Adequate  support  can  only 
be  provided  if  the  services  are  based  on  a  thorough 
evaluation  of  installation  needs.  Medical  persotmel 
must  understand  the  organizational  structure  of  the 
army's  industrial  base  and  the  irature  of  the  industrial 
processes.  At  the  irutallation  level,  assigned  medical- 
staff  personnel  must  know  who  the  workers  are  and 


what  they  do.  Only  through  a  full  understanding  of 
both  worksite  and  workers  can  cost-effective,  appro¬ 
priate  occupational  health  services  be  provided. 

Should  the  United  States  ever  again  te  totally  mobi¬ 
lized  for  war,  the  army's  mdustrial  base  will  also  mobi¬ 
lize.  This  means  that  government-owned  and  -operated 
plants  will  dramatically  inaeaseproduction,mothballed 
plants  will  be  brought  into  pi^uction,  and  private- 
sector  industries  will  begin  to  produce  military  equip¬ 
ment  All  these  actions  will  nsult  in  a  woricfbrce  that 
is  substantially  increased,  ine.\perienced,  and  demo- 
graphically  different— a  workforce  quite  likely  to  be 
exposed  to  irewand  ntoresignihcant  job-related  hazards. 
If  AMEDD  is  to  fulfill  its  mission  of  providing  adequate 
occupational  health  services  and  protecting  the  health  of 
army  workers,  we  must  anticipate  the  needs  of  die 
molrilizedindustrialbase,know  how  torespond  to  those 
needs,  and  develop  superior  occupational  health  plans 
and  programs  that  ensure  adequate  services. 


REFERENCES 


1 .  US  Department  of  the  Army.  US  Artmf  Armametil,  Munitions,  and  Chemical  Command  (AMCCOM)  Briefing.  05  March  1992. 

2.  US  Department  of  the  Army.  US  Army  Depot  Systems  Command  (DESCOM)  Fact  Sheet.  US  Army  Depot  System 
Command.  01  May  1991. 

3.  US  Senate.  USA-USSR  Intermediate  Range  Nuclear  Forces  <INF)  Treaty.  Washington,  DC:  lOCi:.  "'ongress,  2nd  Session. 
1988.  US  Senate  Treaty  Document  No.  100-11. 

4.  Military  Selective  Service  Act  of  1967.  Pub  L  No.  90-40.  Washington,  DC:  90th  Congress,  1st  Session. 

5.  US  Department  of  the  Army.  The  Army  Industrial  Base  Program.  Washington,  DC:  DA;  1992,  Army  Regulation  700-90. 

6.  US  Army  Environmental  Hygiene  Agency.  Industrial  Hygiene  Mobilization  Survey  155-71-0033-8911.  Rwerbank  Army 
Ammunition  Plant.  Riverbank,  Calif:  USA&A;  1988. 

7.  US  Department  of  the  Army.  The  Army  Safety  Program.  Washington,  DC:  DA;  1988.  Army  Regulation  385-10. 

8.  29CFR,Par;  1910  S  1200. 

9.  US  Army  Materiel  Command.  NI  Industries,  Inc.  Riverbaidc,  Calif:  Riverbank  Army  Ammunition  Plant;  1984.  D.A 
Contract  No.  DAAA  09-85-Z-0001 

10.  Riverbank  Army  .Ammunition  Plant.  Industrial  Preparedness  Plan.  Riverbank,  Calif.  Riverbank  AAP;  1987. 

11.  29  CFR,  Part  1910  §  132(a).  Subpart  I. 

12.  29  CFR,  Part  1910  §  1000(e). 

13.  US  Department  of  the  Army.  Preventive  Medicine.  Washington,  DC;  DA;  1990.  Army  Regulation  40-5. 

14.  US  Department  of  the  Army.  Occupationaland  Enpironmcnlal  Health  RespiralcryProtcctwn  Program.  Washington,  DC:  DA 
and  Defense  Logistics  Agency;  1982.  Technical  Bulletin  MED  502. 


58 


Mobilizing  Ihe  Industrial  Base 


15.  29  CFR,  Part  1910  §  95(c). 

16.  US  Department  of  the  Anny.  Occupational  and  Environmental  Health  Hearing  Conservation.  Washington,  DC;  DA;  1980. 
Technical  Bulletin  MED  501. 

17.  29CFR,  Fart  1910  §1001. 

18.  US  Department  of  the  Army.  Occupational  and  Environmental  Health  Guidelines  for  the  Evaluation  and  Control  of  Asbestos 
Exposure.  Washington,  DC:  DA;  1986.  Technical  Bulletin  MED  513. 

19.  US  Department  of  the  Army.  Current  of  Backlog  of  Deficiency  Identification  and  Industrial  Preparedness  Measure  (IPM).  DA, 
AMCCOM  319-R;  1986. 


Chapter  3 


U.S.  ARMY  HEALTH  PROGRAMS 
AND  SERVICES 

DAVID  P.  DEETER,  M.D.,  M.P.H.,  F.A.C.P.M*;  and  JANET  M.  RUFF,  R.N.,  M.P.H.^ 


INTRODUCTION 

LAWS,  REGULATIONS,  AND  GUIDANCE 
Public  Uw  79^ 

The  Occupational  Safety  and  Health  Act 

Federal  Employees'  Compensation  Program 

Regulations  and  Guidance  Applicable  to  Employee  Health 

ORGANIZATION  OF  THE  ARMY'S  OCCUPATIONAL  HEALTH  PROGRAM 
Preventive  Medicine  Service  Employee  Health  Program 
Army  Health  Clinic  Employee  Health  Program 
Occupational  Health  Qinics  and  Nursing  Offices 
HealA  Program  Staffing 

MEDICAL  RECORDS  MANAGEMENT 
Occupational  Medical  Records 
Medical  Reports  for  the  Employee  Health  Program 

MEDICAL  SURVEILLANCE 

Determining  the  Need  for  Surveillance 
Designing  Medical  Surveillance 
Determining  the  Saeening  Content 
Using  Medical  Surveillance  Results 

OCCUPATIONAL  HEALTHCARE  SERVICES 
Preventive  Medicine  Services 
Qinical  Services 

SUMMARY 


'Ucjtenant  Cdond  (Pt.  US.  Amiy,  Dtrcclor,  Ckfujvtionai  and  Ennnmnejttitl  HixUh,  ani!  Director,  Occupttmal  Medicine  Residenq/  Program. 
US.  Army  Ermronmental  Health  Agency.  Edgrsvai  Area.  AlierJcen  Proving  Crourm.  Maryland  21010-5422;  formerly.  tDccupatkml  Health 
Consultant  to  The  US.  Army  Surgeon  Gmeral 

^Senwr  Occupslioiul  Health  Nurse  Consultant  (ret).  Occupational  and  Environmental  Mediane  Division,  US.  Army  Eimronmenlol  Hygiene 
Agency.  Aberdeen  Proving  Ground,  Maryland  21010-5422 


61 


Occupational  Health:  The  Soldier  and  the  Industrial  Base 


INTRODUCTION 


Soldiers  are  considered  to  be  military  employees; 
when  they  perform  work  that  is  separate  from  their 
combat  duties,  they  frequently  encounter  potentially 
hazardous  exposures  that  are  similar  to  civilian  indus¬ 
trial  exposures.  When  soldiers  are  thought  of  in  this 
context,  the  nulitary  must  ad  dress  the  potentially  harm¬ 
ful  effects  of  the  work  that  soldiers  do,  and  the  condi¬ 
tions  under  which  they  work,  just  as  these  are  ad¬ 
dressed  for  civilian  employees  in  the  federal 
government  and  private-sector  work  force. 

Employee  health  programs  and  services  focus  on 
two  interrelated  aspects:  (1 )  to  prevent  or  reduce  nega¬ 
tive  interactions  between  a  job  and  an  employee's 
health,  and  (2)  to  proxdde  clinical  services  to  employ¬ 
ees.  However,  diff^^nces  exist  between  military  and 
civilian  employees  in  both  their  eligibility  for  health 
services  and  the  manner  in  which  the  services  are 
provided.  Soldiers  are  eli^ble  for  health  services  at  a 
medical  treatment  facility  (MTF)  for  all  illnesses  and 


injuries  regardless  of  the  cause.  Department  of  the 
Army  (DA)  civilians  are  eligible  only  for  job-related 
health  services  and  emergency  and  palliative  treat¬ 
ment.  Although  the  Army  Medical  Department 
(AMEDD)  provides  all  of  the  healthcare  to  soldiers 
(including  employee  health  services),  Iheonly  services 
that  are  available  to  civilian  employees  are  those  spe¬ 
cifically  provided  in  the  context  of  occupational  health. 

Before  1974,  assorted  health  clinics,  occupational 
health  sections,  and  nursing  offices  were  established 
by  most  army  installation  commanders  to  provide 
health  services  to  civilian  employees  of  the  army. 
However,  in 1974,  the  Health  ServicesCommand  (HSC) 
was  activated  and  all  of  the  installation  clinics,  nursing 
offices,  and  occupational  health  sections  and  programs 
were  incorporated  into  the  local  HSC  activity.  The 
responsibilities  for  managing  all  the  aspects  of  civilian 
employee  health  were  given  toarmy  Preventive  Medi¬ 
cine  Services  within  the  various  H^  activities. 


LAWS,  REGULATIONS,  AND  GUIDANCE 


Several  laws  and  r^ulations  protect  the  health  and 
promote  the  effectiveness  of  all  federal  employees — 
military  and  civilian — including  (a)  Public  Law  79-658, 
(b)  the  Occupational  Safety  and  Health  Act  (OSHAct) 
of  1970,  and  (c)  DA  regulations.  Technical  guidance 
does  not  carry  the  same  weight  as  a  law  ora  regulation; 
it  is  professional  advice  published  to  aid  occupational 
health  proxdders  and  managers. 

Public  Law  79-658 

The  first  law  that  authorized  health  services  for 
federal  civilian  employees  Wcis  Public  Law  79-658, 
entitled  Health  Promotion  forCovemment  Employees  (also 
known  as5  United  StatesCode7901, 1946 asamended). 
This  law  authorized,  but  did  not  require,  federal  agen¬ 
cies  to  establish  health-service  programs  to  promote 
and  maintain  the  physical  and  mental  fitness  of  their 
employees  within  the  limits  of  their  appropriaiioriS. 
Public  Law  79-658  limited  employee  health  services  to 

•  the  treatment  of  on-the-job  illnesses, 

•  the  treatment  ofdental  conditions  that  require 
emergency  attention, 

•  preplacement  and  other  job-related  health- 
maintenance  examinations. 


•  the  referral  of  employees  to  private  physicians 
and  dentists,  and 

•  preventive  programs  related  to  health. 

The  Occupational  Safety  and  Health  Act 

The  Occupational  Safety  and  Health  Act  of  1970 
(Public  Law  91-596, 29  United  States  Code  651  et  set}.) 
succeeded  Public  Law  79-658  in  addressing  occupa¬ 
tional  health  for  federal  employees.  This  law  requires 
that  all  employers  provide  a  safe  and  healthy  working 
environment  for  all  of  their  employees.  Although  the 
law  origiitally  exempted  federal  employees  (both 
within  and  without  the  Department  of  Defense  (DoDl), 
later  provisions  included  them.  For  example.  Executive 
Order  121%  (Occupational  Safety  and  Health  Programs 
for  Federal  Employees)  and  Title  29,  Code  of  Federal 
Regulations  Part  1960,  Basic  Program  Elements  for  Federal 
Employee  Occupational  Safety  and  Health  Programs  state 
that  (p)  OSHAct  applies  to  all  federal  govenunent 
agencies  and  (b)  the  Occupiational  Safety  and  Health 
Administration  (OSHA)  requires  federal  agencies  to 
establish  an  occupational  safety  and  health  program. 
Department  of  D^foise  Instructions  (DoDls)  also  direct 
implementation  of  the  occup>ational  safety  and  health 
program  for  military  and  civilian  DoD  employees. 
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Federal  Employees'  Compensation  Program 

The  Federal  Employees'  Compensation  Act  was 
passed  in  1916;  it  provides  compensation  benehts  to 
federal  civilian  employees  for  disabilities  caused  by 
personal  injury  or  disease  that  are  sustained  while  job- 
related  duties  are  being  performed.  The  1916  Act  also 
provides  for  the  payment  of  benefits  to  the  employee's 
dependents  if  the  work-related  injuryordisease  causes 
the  death  of  the  employee.  The  provisions  of  the  Act 
and  information  concerning  the  administration  of  the 
workers'  compensation  program  are  contained  in  Title 
2Q,  Code  of  Federal  Regulations.'  - 

The  Office  of  Workers'  Compensation  Programs  of 
the  U5.  Department  of  Labor  is  responsible  for  admin¬ 
istering  workers'  compensation  programs  for  federal 
civilian  employees.  However,  tv/o  divisions  of  this 
officeactually  administer  the  program:  (a)  the  Division 
of  Federal  Employees'  Compensation  administers  the 
program  forappropriated-fund  employees  (that  is,  those 
employees  who  are  primarily  paid  from  the  monies 
that  Congress  appropriates  to  ran  the  agency);  and  (h) 
the  Division  of  Ixrngshoremen's  and  Harbor  Workers' 
Compensationadministersthecompensation  program 
for  uonappropriated-fund  employees  (that  is,  employ¬ 
ees— generally  civilians— who  work  for  activities  that 
create  their  own  income  by  providing  services). 

Workers'  Compensation  for  Appropriated-Fund 
Employees 

The  Civilian  Personnel  Office  at  military  installations 
is  usually  responsible  for  administering  the  workers' 
compensation  program  at  the  local  level  for  appropri- 
ated-fiind  employees.  However,  commanders,  super¬ 
visors,  safety  personnel,  physicians,  and  nurses  all 
play  a  role  in  administering  the  program.  The  DA's 
main  objective  for  the  program  is  to  provide — ^as 
promptly  as  possible — all  of  thebenefits  to  which  an  ill 
or  injured  civilian  employee  is  entitled.  The  army  also 
isconceraed  thatemployees  whohaverecovered  from 
their  injuries,  either  partially  or  completely,  return  to 
work.  All  army  installations  are  required  to  establish 
a  light-duty  program  to  accommodate  those  injured 
employees  who  may  not  be  able  to  work  at  their 
regular  jobs,  but  who  may  perform  light-duty  tasks.  In 
addition,  procedures  must  be  established  to  bring 
long-term  disabled  employees  back  to  work.^ 

The  workers'  compensation  program  has  other  ben¬ 
efits  for  the  appropriated-fund  employee.  It  (a)  pro¬ 
vides  for  the  medical  care  necessary  for  the  treatment 
of  job-related  injuries  or  illnesses,  (W  contains  a  stipu¬ 
lation  for  thecontinuation  of  pay  followinga  traumatic 


injury,  and  (c)  allows  for  the  injured  employee  to 
choose  a  physician. 

Under  the  Federal  Employees'  Compensation  Act, 
an  employee's  regular  pay  can  be  continued  for  up  to 
45  calendar  days  after  a  traumatic  injur)  when  disabil¬ 
ity,  medical  treatment,  or  both,  occur.  (A  tmumatic 
injury  is  defined  by  the  Office  of  Workers  Compeiisa- 
tion  Programs  as  a  wound  or  other  condition  of  the 
body  that  is  caused  by  an  external  force,  including 
stress  or  strain.)  After  the  entitlement  to  continuation 
of  pay  is  exhausted,  the  employee  may  apply  for 
compensation  if  additional  time  is  needed  to  recover 
from  the  teaumatic  injury, _ 

The  Federal  Employees'  Compensation  Act  also 
entitles  an  employee  to  choose  among  all  licensed 
physicians  in  private  pracriceor  physidansata  federal 
m^ical  treatment  facility.  Under  ftis  stipulation,  the 
termp/>ystc»nsalsoincludespodiatTists,dentists,clini- 
cal  psychologists,  optometrists,  and  chiropractors; 
each  medical  officer  must  practice  within  his  or  her 
specialty  as  it  is  defined  by  state  law.  In  an  effort  to 
reducedvilian  workers'  compensation  claims,  thearmy 
encourages  injured  dvilian  employees  to  be  evalu¬ 
ated  initially  at  a  federal  MTF  and  to  be  treated  there  if 
the  resources  are  available.  These  government  fadli- 
ties  are  staffed  by  active-duty  m^ical  officers  and 
dvilians,  and  include  hospitals  of  the  army,  navy,  air 
force,  and  Veterans  Administration.  However,  when 
an  employee  chooses  to  be  treated  by  a  private  physi- 
dan,  the  staff  of  the  Employee  Health  Program  should 
monitor  the  progress  of  treatment  and  perform  a  fol¬ 
low-up  examination  when  the  employee  returns  to 
work. 

The  workers'  compensation  program  also  provides 
medical  care  benefits.  These  braefits  include  the  ex¬ 
aminations,  treatments,  hospitalizations,  medications, 
appliances,  supplies,  and  transportation  that  are  nec¬ 
essary  to  obtain  adequate  medical  care. 

WoHcers'  Compensation  for  Nonappropriatsd-Fund 
Employees 

The  Nonappropriated  Fund  Instrumentalities  Act 
of  November  1 958  (now  known  as  United  States  Code 
8171-8173)  provides  workers'  compensation  coverage 
for  nonappropriated-fund  employees  under  the 
Longshoremen's  and  Harbor  Workers'  Compensation 
Act.  Workers'  compensation  benefits  are  provided  by 
a  seif-insured  workers'  compensation  program  man¬ 
aged  by  the  U5.  .Army  Central  Insurance  Fund.’  The 
services  that  are  provided  to  nonappropriated-fund 
employees  are  similar  to  those  that  are  provided  to 
appropriated-fund  employees  ur«der  the  Federal  Em- 


Occupalium!  Health:  The  Soldier  and  the  Industrial  Base 


ployees'  Compensation  Act.  Kov/ever,  the  army  MTF 
responsibilities  are  limited  to  providing  initial  and 
emergencycarewithoutcharge;referraltocommunity 
medical  resources  occurs  if  and  when  further  medical 
care  is  required  as  determined  by  the  physician. 


an  occupational  health  program  document,  (c)  stand¬ 
ing  operating  procedures  (SOPs),  and  (d)  medical  di¬ 
rectives  for  occupational  health  nurses. 

Installation  Occupational  Health  Regulations 


Workers'  Compensation  Claims  Procedures 

Employees  and  federal  agencies  must  use  specific 
forms  and  procedures  to  initiate  claims  for  traumatic 
injury,  occupational  disease,  recurrence  of  disability, 
and  death.^  Most  of  the  forms  include  a  statement  of 
the  purpose  of  the  form,  directions  for  completing  and 
submitting  the  form,  thepartyresponsiblefor  its  prepa¬ 
ration,  the  date  by  which  it  must  be  submitted,  and  to 
whom  it  must  be  submitted. 

Regulations  and  Guidance  Applicable  to 
Employee  Health 

The  primary  Employee  Health  Program  laws  and 
regulations  are  list^  in  Exhibit  3-1.  Other  publica¬ 
tions  that  pertain  to  the  program  are  listed  in  the 
recommended  reading  at  the  end  of  this  chapter. 

To  ensure  effective  management  of  the  Employee 
Health  Program,  the  staff  must  alsodevelopand  main¬ 
tain  administrative  documents.  A  good  administra¬ 
tive  structure  is  basic  to  providing  effective  employee 
health  services  and  managing  the  program. 

In  addition  to  the  laws  and  regulations  that  have 
already  been  discussed,  other  army  directives  include 
(a)  an  installation  occupatiocial  health  regulation,  (b) 


The  installation  occupational  health  regulation, 
based  on  the  documents  in  Exhibit  3-1  and  published 
army  policies,  defines  policy  and  instructions  as  they 
apply  to  that  particular  installation.^  At  a  minimum, 
this  regulation  should  define  the  extent  of  the  occupa¬ 
tional  health  program,  the  eligibility  for  its  services, 
and  the  responsibilities  of  (a)  the  occupational  health 
staff  to  provide  employee  health  services  at  the  local 
level,  (b)  all  installation  occupational  health  partici¬ 
pants  such  as  the  safetyand  civilian  personnel  officers, 
and  (c)  the  employees  who  receive  the  services. 

During  the  development  of  the  regulation,  tlie  draft 
must  be  passed  through  all  the  activities  and  divisions 
that  have  a  designate  occupational  health  responsi¬ 
bility.  After  the  local  regulation  is  published,  it  must 
be  kept  current  through  periodic  reviews  and  updates. 
Either  theoccupational  health  physicianortheoccupa- 
tional  health  nurse  or  both  must  contribute  to  any  in¬ 
stallation  directive  that  involves  occupational  health, 
from  its  initial  development  through  thestaffing  stages. 

Program  Document 

Commanders  of  Medical  Centers  (MEDCENs)  and 
Medical  Department  Activities  (MEDDACs)  are  re¬ 
sponsible  for  publishing  an  occupational  health  pro- 


EXHIBIT3-1 

PRIMARY  EMPLOYEE  HEALTH  PROGRAM  REGULATIONS 

Department  of  Labor,  Occupational  Safety  and  Health  Administration 
Title  29,  Code  of  Federal  Regulations,  Part  1910,  Occupational  Safetyand  Health  Standards’ 

Department  of  the  Army  and  the  Health  Services  Command 

Army  Regulation  40-5,  Prcifentwe  Medicine 

Army  Regulation  40-3,  Medical,  Dental,  and  Veterinary  Care 

Health  Services  Command  Regulation  40-30,  HSC  Operating  Program — Pravntive  Medicine  Program  for  MEDCENf 
MEDDAC 

Health  Services  Command  Regulation  10-1,  Organizations  and  Functions  Policy 

Office  of  Personnel  Management 

Federal  Personnel  Manual,  Chapter  339,  Medical  Qualification  Determitrafions 

Federal  Personnel  Manual,  Chapter  792,  Federal  Employee  Health  and  Counseling  Programs 

Federal  Personnel  Manual,  Chapter  810,  Injury  Compensation 

Federal  Personnel  Manual,  Supplement  29^31,  Basic  Personnel  Records  and  Files  System 
’published  annually 
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gram  document  that  identifies  the  preventive  medi¬ 
cine  services  that  are  available.*’  The  document  should 
include  the  program  objectives,  target  dates  for  the 
accomplishment  of  each  objective,  methods  to  achieve 
the  objectives,  and  an  evaluation  plan.  As  an  adden¬ 
dum  to  the  Preventive  Medicine  Ser\'ices  genera!  pro¬ 
gram  document,  good  management  practice  dictates 
that  the  employee  health  staff  develop  and  review  the 
Employee  Health  Program  section  of  the  document 
annually.  The  Employee  Health  Program  plan  and 
objectives  must  be  coasistent  with  the  overall  i  'staila- 
tion  and  MTF  mission,  priorities,  and  resources. 

Frequently,  the  manager  of  the  Employee  Health 
Program  will  be  called  upon  to  (a)  defend  the  program 
against  reductions  in  the  budget,  personnel,  and  space; 
(b)  justify  requests  for  more  resources;  and  (c)  assure 
the  commander  that  the  Employee  Health  Program  is 
helping  to  accomplish  the  installation's  mission.  An 
up-tcHiate,  meaningful  program  document,  represent¬ 
ing  both  a  plan  for  the  future  and  a  report  on  past 

'rformance,  will  be  invaluable  in  these  situations. 
The  successful  development  and  management  of  a 
continuing  Employee  Health  Program  depends  not 
only  on  the  quality  of  the  program  document  but  also 
on  the  extent  to  which  it  is  followed. 

Standing  Operating  Procedures 

ThebasicmanagementtoolsfortheEmployeeHealth 
Program,  SOPs  consist  of  a  written  set  of  instructions 
and  detailed  step-by-step  operational  procedures  for 
accomplishing  an  organization's  specific  tasks.  An 
SOP  is  an  internal  document  and  includes  only  the 
steps  that  employees  in  the  immediate  organization 
perform.  SOPs  assist  in  training  new  employees  and 
serve  as  continuity  tools  in  instances  when  regular 
personnel  are  absent,  enabling  others  to  carry  on  the 
operation.  To  be  of  value,  SOPs  must  be  used  by  the 
personnel  for  whom  they  v/ere  intended  and  updated 
at  least  annually. 


Medical  Directives 

Medical  directives  are  the  physician's  written  or¬ 
ders  to  the  occupational  health  nurse  for  administering 
treatment  in  the  physician's  absence.  Directives  must 
include  the  steps  to  follow  in  providing  emergency 
care  and  must  list  the  treatments  of  occupational  and 
nonoccupadonal  illnesses  and  injuries.  Written  medical 
directives  are  required  to  assure  that  emergencies  are 
properly  handled  in  the  absence  of  a  physician,  to 
direct  medical  care  for  minor  incidents  that  do  not 
require  the  services  of  a  physician,  and  to  authorize 
other  nursing  staff  activities  such  as  ■  '■'anging  a  dressing. 

The  written  medical  directives  must  include  in¬ 
structions  for  the  occupational  health  nurse  to  admin¬ 
ister  on/ynoncontrolled  pharmaceuticals  as  a  one-time 
dose  (when  a  nonprescription  drug  is  the  treatment  or 
choice).  The  drugs,  selected  from  a  list  of  only 
nonprescription  drugs,  are  authorized  by  the  local 
Therapeutic  Agents  Board.  Instructions  for  prescrip¬ 
tion  drugs  are  not  included  in  medical  directives 
because  it  is  not  within  the  purview  of  usual  occupa¬ 
tional  health  nursing  practice  to  administer  prescrip¬ 
tion  drugs  in  the  absence  of  a  physician. 

Medical  directives  should  be  consistent  with  the 
anticipated  requirements  for  employee  health  services 
and  the  capabilities  of  the  nursing  staff.  Thus,  the 
physician  should  coordinate  with  the  occupational 
health  nurse  manager  and  supervisor  to  prepare  the 
directives.  The  physician  must  sign  and  date  these 
directives.^  Occupational  health  nurses  who  partici¬ 
pate  in  the  preparation  of  medical  directives  should 
cosign  them. 

Qinical  guidelines  require  periodic  review  and  re¬ 
vision  of  the  directives  both  as  medical  knowledge 
increasesandasotherchang(soccuratthcinstaIlation. 
At  a  minimum,  the  occupational  health  physician  and 
nurse  must  review  the  medical  directives  annually, 
and  indicate  this  review  with  their  signatures  and  the 
review  date.* 


ORGANIZATION  OF  THE  ARMY'S  OCCUPATIONAL  HEAI.TH  PROGRAM 


The  army  operates  more  than  130  individual  Em¬ 
ployee  Health  Programs.  These  programs'  missions 
and  structures  vary  from  installation  to  installation 
because  each  in^lallation  has  specific  employee-health 
needs.  There  are,  however,  a  few  basic  designs  for 
these  programs. 

The  px)sihon  of  the  Employee  Health  Program  within 
an  organization  depends  on  whether  it  is  collocated 
with  a  MODDAC  or  MEEXZEN,  both  of  which  include 
a  hospital  and  a  Preventive  Medicine  service,  or  writh 


an  Army  Heaith  Clinic  (AHC),  which  is  located  at  an 
installation  without  a  hospital  and  has  no  Preventive 
Medicine  service.  HSC  Regulation  10-1,  Organization 
and  Functions  Policy,  prescribes  the  organization  and 
the  functions  of  AMEDD  activities  under  the  com¬ 
mand  Headquarters,  US.  Army  Health  Services  Com¬ 
mand;  HSC  Regulation  40-5,  Ambulatory  Patient  Care, 
further  defines  the  operations  of  the  AHCs  and  occu¬ 
pational  health  clinics.  Compliance  wdth  these  regula¬ 
tions  allows  the  Employee  Health  Program  to  operate 
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within  either  the  Preventive  Medicine  Service  or  the 
health  clinic  system. 

Preventive  Medicine  Service  Employee  Health 
Program 

In  those  installations  thi.  t  havean  army  hospital,  the 
occupational  health  section  of  the  Preventive  Medi¬ 
cine  Service  conducts  the  Employee  Health  Program 
(Figure  3-1).  Often  the  occupational  health  section  has 
no  clinical  capabilities,  but  it  manages  all  the  adminis¬ 
trative  aspects  of  occupational  health  for  both  civilian 
and  military  employees  who  work  at  the  installation. 
The  staff  of  the  collocated  MEDDAC  or  MEDCEN 
performs  all  of  the  preventive  and  clinical  services  for 
patients,  including  treatmentand  examinations.  How¬ 
ever,  at  installatioris  wherea  mobile  occupational  health 
vehicle  (MOHV)  is  assigned,  the  staff  of  the  occupa¬ 
tional  health  section  uses  the  vehicle  to  provide  pre¬ 
ventive  services  at  the  worksite  (Figure  3-2). 


The  staff  of  an  occupational  health  section  usually 
consists  of  one  to  three  civilian  occupational  health 
nurses,  a  clerk,  and  often  an  industrial  hygienist,  de¬ 
pending  on  both  the  size  of  the  population  that  is  to  be 
served  and  the  health  services  that  are  required.  The 
occupational  health  nurse  serves  as  the  Employee 
Health  Program  manager,  except  when  a  full-time 
physician  is  assigned  to  the  section. 

Physician's  assistants  with  2  years  of  postgraduate 
training  in  occupational  health  are  assigned  to  several 
of  the  larger  U.S.  Army  Forces  Command  (FORSCOM) 
iristallations,  where  they  serve  as  program  managers 
for  those  employee  health  services  that  are  provided  to 
soldiers. 

In  the  absence  of  a  full-time  physician,  the  chief  of 
the  Preventive  Medicine  Service  (if  he  or  she  is  a 
physician),  or  a  physician  who  is  assigned  to  the 
MEDDAC  or  MEDCEN  in  another  capacity,  may  pro¬ 
vide  occupational  medicine  support.  This  type  of 
support  is  most  commonly  found  at  FORSCOM  and 
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Fig.  3-1.  The  typical  organizational  structure  for  occupational  health  acmees  on  a  larger  army  Training  and  Doctnne 
Command  (TRADOC)  or  army  Forces  Command  (FOR^O.M)  installation  with  a  post  U.S.  Army  hospital. 
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nistribntion.ind  .•\lloM.inies,theotliiMlst.ilfingihnn- 
nient  th.it  uientilies  .ill  p-ositioiis,  nu hiding  spenlu 
liinie  positions. 

I  .n  il  I  iiiploveel  le.ilth  I’rognini  should  h.ue.i  ih-s- 
igii.ited  progr.iin  iii.in.iger,  this  is  nsn.ilK  tlu  senior 
oiiiip.ition.il  he.iltli  nurse  In  i linns  wliere  llure  is 
no  .ufii.ii  position  lor  .in  onup.itioii.il  lu.ilth  plnsi 
ii.in,  one  ot  the  iliiiu  plnsui.iiis  is  .issigned  the  re 
sponsibi'ili  ot  proiiding  oiiup.itioii.il  niedii.il  mn 
sult.itiont.ithel  inploiee  I  le.ilth  rrogr.im.  Other  st.itt 
nieiiibers  ni.n  be  .issigned  juirlu  iil.ir  on  up.it lon.il 
he.iltli  responsibilities,  sui  h.is.uhiiuiis.ti’ringtlu'  lu.ir 
ing  lonsiri.ition  progr.iin.  Hie  I X'p.irtineiit  ot  I’ri 
in.iri  C  .ire  .ind  Coininuiiitv  Medii  iiii'  in.in.igis.  the 
ihnii.il  .ispeils  lor  most  .MiCs,  but  the  supporting 
MhPDAC  or  MI.IX  !  \  I’ri'iiiitiie  MiihiineSTiiie 
proi  idi's  tei  lniu.ll  giiid.iiu  e  .ind  support  tor  on  ii[\i 
tion.ll  he.iitii. 

Occupational  Health  Clinics  and  Nursing  Offices 

t  )ii  iiiHilii'ii.il  luitllh .  hill,  -  .ire  lin’d i>  .il  tre.ilnienl  .u 
til  itii’s  ii  hose  prini.iri  iiiissinns  .:re  to  proi  idi’  on  u 
p.ition.il  lu.ilth  seriui-s  to  iniht.iri  .ind  iiiih.in  ein 
ploiees  who  work  .it  the  inst.ill.ition.  .ind  suki.ill 
sen  lies  to  sen  ue  nieinbiTs  loi.ited  in  the  iinnieili.ite 
.ire.i  (I  igure  3  II.  .\  phisui.in  he.ids  this  sip.ir.iteli 
esl.iblish,.!  .iiur.ition.  mill  .i  st.itt  iiii  hiding  i  n  ili.in 
nurses  .1  ,ii  -.i.pport  personnel  1  he  .irini  h.is  nine 
ilesign.ited  On up.ition.il  hi. ilth  I  hiiiis  I  hi  i  .in  In 
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Fig.  J-3.  The  typical  organizational  structure  for  a  U5.  Army  health  clinic  at  an  installation  without  a  post  US.  Army  hospital, 
where  primary  care  is  the  predominant  healthcare  mission. 


cated  at  small  installations  such  as  the  US.  Army 
Natick  Research  Development  and  Engineering  Cen¬ 
ter,  where  most  workers  are  civilian  and  few  military 
medical  beneficiaries  are  in  the  area. 

Occupational  health  nursing  offices  are  similar  to  occu¬ 
pational  health  clinics  but  they  lack  a  full-time  physi¬ 
cian  (Figure  3-5).’^  These  occupational  health  nursing 
offices  are  usually  organizationally  a  part  of  the  Pre¬ 
ventive  Medicine  Service;  most  are  located  in  leased 
federal  office  buildings  in  and  around  Washington,  D.C. 

Health  Program  Staffing 

According  to  regulationsof  the  army  and  the  Office 
of  Personnel  Management,  Employee  Health  Programs 
must  be  adequately  staffed.''*'  The  size  and  experience 
of  the  staff  of  an  occupational  health  section  (or  Em¬ 
ployee  Health  Program,  occupational  health  clinic, 
ocaipational  he-alth  nursing  office)  depend  on  the 
population  to  be  served,  type  of  installation,  range  of 


employee  health  services  provided,  and  availability  of 
the  resources. 

All  Employee  Health  Programs  require  at  least  one 
full-time  civilian  occupational  health  nurse,  either  a 
full-time  or  part-time  physician,  and  clerical  support. 
DA  Pamphlet  570-557  provides  guidance  for  deter¬ 
mining  staff  requirements.'  The  pamphlet  defines  the 
civilian  or  military  staffing  levels  that  the  army  recom¬ 
mends  for  the  Employee  Health  Program,  regardless 
of  the  program's  administrative  structure. 

Army  Regulation  (AR)  611-101  describes  the  com¬ 
missioned  officer's  qualifications  according  to  thespe- 
cialtp  skill  identifier  (that  is,  a  two-component  numeric- 
alpha  description  that  identifies  theskills  needed  fora 
particular  job)."*  For  example,  an  active-duty  occupa¬ 
tional  medicine  officer  is  a  60-D.  The  Office  of  Personnel 
Managetnent  Handbook  X-118  desaibes  the  qualifica¬ 
tions  for  each  civilian  General  Schedule  (GS)  job  series." 

The  Civilian  Personnel  Office  provides  guidance 
and  establishes  local  procedures  for  all  civilian  person- 
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Fig.  3-4.  The  typical  organizational  structure  for  a  US.  Army  occupational  health  clinic  at  an  installation  without  a  post  US. 
Army  hospital,  where  occupational  health  is  the  predominant  healthcare  mission. 


nel  administrative  requirements.  For  example,  a  job 
description  must  acairately  specify  the  funidions  of 
each  position  Both  the  Civilian  Personnel  Office  and 
the  job  supervisor  are  responsible  for  preparing  each 
civilian  employee’s  job  description.  The  Civilian  Per¬ 
sonnel  Office  defines  the  tochnfral  aspects  of  the  job 
description  and  the  supervisor  defines  the  job  func- 
Moas  and  supervisory  controls.  In  addition,  perior- 
mance  standards,  which  art  based  on  the  duties  delin¬ 
eated  in  the  job  description,  are  required  for  all  civilian 
staff  memben..  The  supervisor  defines  the  acceptable 
level  o  perfonnance  for  major  duties,  and  these  stan¬ 
dards  are  used  as  a  ’oasis  for  evalu  ?ting  an  employee's 
job  performance. 

Once  professional  and  technical  personnel  arc  as¬ 
signed  to  the  occupational  h.alth  area,  they  are  re¬ 
sponsible  for  maintaining  th  ,r  cwn  cument  licensure 
and  ccri'rication  according  to  legal  and  professional 
requirements.  Each  indhadual  is  responsible  for  hb  or 
her  own  continuing  education. 


The  Occupational  Health  Physician 

Either  a  military  or  civilian  physician  may  fill  the 
position  of  occupational  health  physician;  however, 
their  qualifications  are  different  While  the  MEDDAC 
or  MEDCEN  credentialing  committee  must  approve 
both  military  and  dvifian  occupational  health  physi¬ 
cians  for  clinical  privileges  as  an  occupational  health 
physician,’^  dvilian  physicians  must  also  meet  the 
Office  of  Persomiel  Management's  minimum  qualifi¬ 
cations  for  the  position.  In  addition,  training  or  prior 
experience  in  the  field  of  occupational  health  b  desir¬ 
able  for  occupational  health  physicians. 

Whether  a  mi h  tary  officer  or  a  dvilian,  the  occupa¬ 
tional  health  physician  can  be  assigned  as  a  part-time 
or  full-tim.e  member  of  the  Employee  Health  Program 
staff.  Usually  a  military  physician  b  assigned  part- 
time  occupatiot<?l  health  duties.  (Thb  arrangement  b 
usually  fouad  at  RDRSCOM  and  TRADOC  installa¬ 
tions.)  ’Thb  pan-time  par  tidpation  b  seldom  adequate 
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ng.3-5.Thecrgam2atioraIstructureofUS.Arniyoccup2bcnalhealthnursingofficesintheWashington,D.C,metropolilanarea. 


because  providing  occupational  medicine  support  for 
the  Employee  Health  Program  is  added  to  the 
pliysidan's  primary  assignment  as  a  medical  officer  at 
the  MEDDAC  or  MEDCEN. 

The  Occupational  Health  Physician's  Assistant 

The  MEDDAC  or  MEDCEN  credcntialing  commit¬ 
tee  must  approve  the  military  or  civilian  occupa¬ 
tional  health  physician's  assistant  for  cliniol  privi¬ 
leges.''”  Once  physician's  assistants  have  been  ap¬ 
proved  to  practice,  they  must  be  supervised  by  a 
physician.'* 

In  recent  years  the  army  has  provided  additional 
education— a  master's  degree  in  occupational  health— 
toselected  military  physician'sassislants.  Theoriginal 
purpose  of  training  physician's  assistants  in  occupa¬ 
tional  health  in  thearmy  was  to  pro  vide  health  services 
at  the  unit  level  to  ensure  soldiers'  combat  readiness. 
The  roleof  the  military  occup>ational  heahh  physician's 
assistant  ha.s  yet  to  be  clearly  defined;  however, 
physidan'f  a.ssist-3nts  have  functioned  in  various  ca¬ 


pacities  (for  example,  as  manag  jrs  of  theOccupational 
Health  Program  for  soldiers  or,  infrequently,  as  man¬ 
agers  of  the  overall  Occupational  Health  Program  for 
civilians  and  military  personnel)  when  assigned  to  the 
.MEDDAC  at  FORSCOM  installations. 

The  Ocrupational  Health  Nurse 

Occupational  health  nurses  are  civilian  registered 
nurses  who  meet  the  mmimum  qualifications  as  man¬ 
dated  by  the  Office  of  Personnel  Management. 
MEDDAC  or  MEDCEN  clinical  privileges  are  not  re¬ 
quired  for  occupational  health  nurses  who  practice 
within  the  usual  limits  of  occupatioiral  hcaith  nursing. 
In  additi  .p.  to  the  basic  nursing  preparation,  the  nurse 
should  have  specialized  training  such  .is  formal  aca- 
demieprogramsorshort  courses  in  occupational  health. 
These  educational  programs  should  emphasize  man¬ 
agement  principles;  industrial  toxicology;  the  cause, 
prevention,  control,  and  treatment  of  occupational 
diseases;  the  principl«  of  industrial  hygiene  and  epi¬ 
demiology;  the  concepts  and  practices  of  job-related 
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medical  surveillance;  and  the  legal  and  regubtory 
aspects  of  occupational  health. 

Ancillary  Staff 

The  organization  of  the  occupational  health  section 
determines  whether  ancillary  personnel  (such  as  li¬ 
censed  practical  nurses,  nursing  assistants,  medical 


technicians,  occupational  health  technicians,  labora¬ 
tory  technicians,  and  X-ray  technicians)  need  to  be 
assigned.  MBDDAC  or  MEDCEN  optometric  and 
audiometric  technicians  may  also  provide  significant 
support  totheprogram.  Dependingon  thetechnician's 
level  of  education,  he  or  she  could  manage  selected 
elements  of  the  occupational  health  program  such  as 
hearing  conservation. 


MEDICAL  RECORDS  MANAGEMENT 


Medicai  records  and  reports  include  ia)  occupa- 
HotuI  medical  records  icumulati  ve  individual  medical 
records),  (b)  workers'  compensation  records  (medi¬ 
cal),  and  (c)  administrative  records  and  reports.  The 
occupational  medical  record  (civilian  employee  medi¬ 
cal  records  and  the  military  outpatient  treatment 
records  are  types  of  cumulative  indundual  medical 
records)  and  administrative  reports  are  required  by 
the  Employee  Health  Program 

An  ocoipational  medical  record  is  the  chronologi¬ 
cal,  cumulative  record  of  information  about  the  devel¬ 
oping  health  status  of  an  employee  with  respect  to  his 
or  her  employment.  Occupational  medical  records 
must  contain  personal  and  occupational  health  histo¬ 
ries,  employee  exposure  records,  and  the  healthcare 
professioiu»rs  written  opinions  and  evaluations  dur¬ 
ing  the  course  of  employment-related  examinations, 
diagnoses,  and  treatments.  In  the  military  outpatient 
treatment  record,  the  occupiational  health  record  con¬ 
sists  of  entries  that  are  related  to  the  soldier's  work. 

Occupational  Medical  Records 

Civilian  employee  medical  records  and  outpatient 
treatment  records  (for  military  personnel)  serve  as  the 
occupational  medical  record.  The  purpose  of  any  med¬ 
ical  record  is  to  document  a  complete  medical  history 
of  the  patient  and  his  or  her  care,  medicolegal  support 
for  the  therapy  that  was  given,  and  a  basis  for  research 
and  education.  In  instances  when  a  civilian  employee 
has  dual  status — such  as  a  retired  military  member  or 
the  dependent  of  a  retired  or  active-duty  military 
member — tliat  employee  will  also  have  both  a  civilian 
employee  medical  record  and  an  outpatient  treatment 
record.  Each  record  will  be  marked  or  coded  clearly  to 
indicate  this  dual  status  and  to  facilitate  the  identifica¬ 
tion  and  reporting  of  }ob-related  injuries  and  diseases. 

The  MTF  commander  is  the  official  custodian  of  the 
medical  records  at  the  facility,  but  the  chief  of  the 
pahent  administration  division  acts  on  behalf  of  the 
commander  in  matters  that  involve  medical  records. 
Both  the  civilian  employee  medical  records  and  the 


outpatient  treatment  records  should  be  maintained, 
by  personnel  trained  in  record  keeping,  in  an  MTF  area 
designated  for  medicai  records. 

The  Federal  Personnel  Manual  Supplement  293-31, 
Basic  Personnel  Records  and  Files  System,  is  the  major 
regulation  that  pertains  to  civilian  employee  medical 
records;  AR  40-66  applies  to  outpatient  treatment 
records;  entries  into  all  occupational  medical  records 
are  made  in  accordance  with  AR  40-66.'*  This  regula¬ 
tion  contains  guidance  on  recording  injuries  and  in¬ 
cludes  a  requirement  to  identify  occupational  injuries 
or  illnesses  as  occupational  in  the  medical  record. 

The  Report  ofM^ical  History  (SF 93)  is  used  toebtain 
a  health  history  from  all  civilian  employees  and  to 
initiate  a  medical  record  on  employment.  (Exceptions 
can  be  made  for  transient  nonappropriated-funj 
ployeessuchasfood-handlers.lOncethemodicaliecord 
is  initiated  with  the  SF 93,  it  is  to  be  kept  in  the  terminal 
digit  series  folder.  Alphabetical  end  Terminal  Digit  File 
for  Treatment  Record  (DA  Form  3444).  or  in  IheEmp/cn/cc 
Medical  Folder  (5F  66-D).  When  an  employee  either 
transfers  to  another  federal  agency  or  is  separated 
from  federal  service,  the  civilian  employee  medical 
record  is  transferred  or  retired  in  the  SF  66-D.  If  the 
civilian  employee  medicai  record  has  been  maintained 
in  a  DA  Form  3444  dunng  the  individual’s  employ¬ 
ment.  the  persoimel  responsible  for  maintaining  the 
civilian  employee  medical  record  must  ensure  that  a 
signed  Privacy  Act  Statement-Health  Care  Records  (DoD 
Form  2005)  is  transferred  or  retired  with  the  record. 

In  general,  only  standard  forms  (that  is,  those  forms 
that  are  authoriz^  by  HSC,  DA,  and  DoD)  are  used  in 
medical  records.  The  MTF  commander  mu.=>t  approve 
.my  locally-developed  ferot  or  overprint  before  it  is 
placed  in  the  medical  record.  In  addition  to  standard 
forms,  a  copy  of  the  Office  cf  Workers’  Com|xmsaticn 
forms  related  to  medical  treahneat  must  be  main¬ 
tained  in  the  medical  record.''  These  fontis  '.nclude 

•  Federal  Empkwe's  Notice  of  Traumatic  In¬ 
jury  and  Gsim  for  Continuation  of  Pay/Com- 
een»tion  (CA-1). 
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•  Federal  Employee's  Notice  of  Occupational 
Disease  and  Claim  for  Compensation  (CA-2), 
and 

•  Request  for  Examination  and/or  Treatment 
(CA-16). 

When  a  civilian  employee  separates  iVom  federal 
service  or  transfers  to  mother  federal  agencj',  the 
civilian  employee  medical  record  is  usually  forwarded 
to  the  Civilian  Personnel  Office  in  the  SF  66-D.  The 
Civilian  Personnel  Office  retires  the  record  to  the  Na¬ 
tional  Personnel  Records  Center  when  an  employee 
separates  from  federal  service,  and  fonvards  it  to  the 
gaining  agency  when  an  employee  transfers. 

Transferringand  maintaining  job-related  X-ray  films 
requirespecial procedures.  Ifitis8'6xll  in.orsmaller, 
the  film  is  placed  in  the  medical  folder  (SF  66-D)  and 
retired  or  forwarded  as  part  of  the  medical  record. 
However,  if  the  job-related  X-ray  film  is  larger  than  8'/i 
X  1 1  in.  (such  as  a  roentgenogram  of  a  patient's  chest 
and  torso),  it  must  be  maintained  separately  from  the 
SF  66-D.  When  an  employee  separates  .-om  federal 
service,  the  large  films  arc  maintained  in  their  original 
stale  at  the  last  employing  agency  for  30  years  bey  md 
the  termination  of  employment.  The  medical  record 
must  alst)  contain  a  notation  on  the  radiologist's  find¬ 
ings,  the  location  of  the  radiograph,  and  how  it  can  be 
obtained.  If  the  employee  is  transfemng  to  another 
federal  agenc}',  the  large  filnvsaresimply  fonvarded  to 
the  gaining  agency.'^"' 

Ukc  any  othei  medical  record,  the  civilian  em¬ 
ployee  medical  lecords  must  be  maimainec*  in  strict 
confidence.  However,  OSHA  regulatiim-'  .lllow  the 
employee,  his  or  her  ruoresent'itive  as  designated  In 
writing,  and  OSHA  rep*'0'.-tnfaiixcs(a'mpliano?  offic¬ 
ers  end  National  institute foi  OccupafionalSafety  amj 
Health  (NlOSHl  personnel)  to  examine  cr  copy  medi¬ 
cal  records  or  medica!  information  that  bears  directly 
on  the  empi-.iyet's  exposure  to  toxic  materials  and 
harmful  phy.sical  agents  such  as  radiatiemand  noise.’'’  ’ 
This  acreas  is  strictly  limited  and  docs  not  include 
access  to  any  health  information  that  is  unrelated  to 
exposure. 

Medical  Reports  for  the  Employee  Health  Program 

The  MTF  commander  us  responsible  for  submitting 
several  recurrent  reports  that  require  occupational 
health  data.  Tlie  chief  of  the  patient  adminislralion 
division  is  responsible  for  establishing  procedures  for 
retrieving  data  for  all  required  iepcrts,and  must  coor¬ 
dinate  with  the  chief  of  the  Employee  Health  Program 
to  identify  and  ensure  that  all  orcupatiorjal  health 


reporting  requirements  at  .*  met.  While  the  staff  of  the 
Employee  Health  Program  may  or  r  ay  not  actually 
compile  these  periodic  reports,  they  should  be  aware 
of  the  data  that  are  requir^  and  the  purpose  for  their 
collection.  The  primary  MTF  reports  that  require 
occupational  health  data  include  the  Amy  Ccctipa- 
tiounl  Health  Report  (DA  Form  3076);  the  Medical  Sum¬ 
mary  Report  (.MSR),  RCS  (Requirement  Control  Sym¬ 
bol);  MED-302;  the  Management  Indicators  for 
O’XupationatHeo.ItbfMIOH)  Feeder  Report  {RCSSAOSA- 
220);  and  theCommand  health  report.  Twoadditional 
reports  to  which  Employee  Health  Program  personnel 
may  contribute  include  the  Special  Telegraphic  Reports 
[RCIS  MED-16(R4)1  and  the  Log  of  Occupational  Injuries 
and  Illnesses. 

The  installation,  MEDDAC  personnel,  and  higher 
headquarters  (HSC  and  the  U5.  Army's  Office  of  The 
Surgeon  CJeneral  jOTSG],  and  the  installation's  major 
command)  review  and  evaluate  the  Employee  Health 
Program  using  the  data  in  DA  Form  3076,  which  the 
Employee  Health  Program  staff  must  prepare  and 
submit  biannually.*'  DA  Form  3076  contains  informa¬ 
tion  about  Employee  Health  Program  staffing,  the 
civilian  and  military  population  at  risk  for  potential 
health  hazards  in  the  work  environment,  and  the  num¬ 
ber  and  types  of  occupational  health  services  that  the 
Employee  Health  Program  provides.  DA  Form  3075  is 
used  to  collect  these  data.  Instructions  for  completing 
both  DA  Forms  3075  anc!  3076  ar.;  cn  the  reverse  sides 
of  the  forms. 

The  MED 302  Report  is  one  of  the  components  of  the 
DA  medical  information  system  that  the  MTF,  inter¬ 
mediate  headquarters  (such  as  MEDDACs  or 
MEDCENs),  The  U.S.  Army  Surgeon  General,  and 
other  government  agencies  use  for  evaluating  budget 
requests,  planning  programs,  controlling  management, 
analyzing  manpower  requirements,  making  authori¬ 
zations,  and  planning  facilities.  Each  army  MTF  mast 
submit  the  MED  302  Report  every  month  to  provide  a 
timely  and  accurate  medical  surrimary  of  the  services 
that  the  entire  MTF  provides.  A  deficiency  of  this 
report  is  that  it  does  not  fully  recognize  the  workload 
of  the  preventive  medicine  services,  but  concentrates 
only  on  the  services  that  are  provided  to  ill  patients. 
The  chief  of  the  patient  administration  division  usu¬ 
ally  requests  specific  data  from  the  Empioyei:  Health 
Program  staff  to  formulate  this  report. 

Local  program  managers  and  higher  headquarters 
use  the  specific  data  in  the  MlOH  Feeder  Report  when 
they  analyze  and  review  occupational  health  in  tiie 
army.  The  repert  reflects  the  numbers  of  occupational 
health  staff,  the  population  at  risk,  and  the  program 
evaluations  that  have  been  performed.  Data  conoim- 
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ing  the  Industrial  Hygiene  and  Hei,ang  Conservation  Special  Tekgra^iic  Report  of  Reportable  Death.'*  Preven- 
programs  are  provided,  in  addition  to  data  regarding  tive  medirine  personnel  have  used  the  MEI>16  report 
the  Employee  Health  Program.  All  MEDCENs  and  extensively  to  document  outbreaks  of  infectious  dis- 
MEDDACs  that  provide  health  services  for  active-  ease.  However,  it  is  equally  important  to  notify  higher 
duty  soldiers  and  civilian  employees  must  prepare  headquarters  of  ct’tbreate  of  injury  or  disease,  or 
an  MlOH  Feeder  Report  for  their  health-service  area  unusual  occupation-related  health  events,  such  as  one 
biannually.'*  or  more  cases  of  overexposure  to  ionizing  or  nonioniz- 

Each  month,  every  installation's  Medical  Authority  ing  radiation,  or  if  two  or  more  persons  have  been 
(that  is,  the  senior  physician  assigned  to  the  MEDDAC  removed  from  their  jobs  as  a  result  of  abnormal  job- 
at  the  installation)  is  required  to  provide  the  installa-  related  medical  surveillance  tests.  The  submission  of 
tion  commander  with  the  Command  health  report.'  any  of  these  reports  requires  liaison  among  Preventive 
Although  there  is  no  specific  format  required  for  this  Medicine  staff  (including  the  Employee  Health  Pro- 
report,  it  summarizes  the  conglomerate  health  status  gram  staff),  the  patient  administration  division,  and 
of  the  command  and  the  people  who  comprise  the  other  medical  staff. 

comntand.  The  Command  health  report  provides  All  federal  agencies  are  required  to  collect 

occupational  injur)'  and  illness  data  a.id  to  record 

•  informationregardinghealthconditionswithin  these  in  the  OSHA  Log  of  Federal  Occupational  Inju- 

the  command;  ilesand  Illnesses.®"'  Althoughtheinstallation'ssafcrt' 

•  recommendatiorrs  for,  or  descriptions  of.  ac-  officer  usually  has  the  primary  responsibility  for  coi¬ 
tions  taken  to  improve  health  conditioirs;  lecting  data  and  maintaining  the  log,  coordination 

•  advice  to  higher  headquarters  regarding  the  with  thcoccupationalhealthstaffand  the  local  Federal 

support  needed  to  implement  the  recom-  Employees'  Compensation  Act  Program  administra- 
mended  actions;  and  torisesscntialtoensurethatthedataarecomplete.  The 

•  information  regarding  outstanding  accom-  safety  office  should  report  all  of  the  following  in  the 

plishments,  new  devclopmients,  and  trends.  log: 

The  Special  Telegraphic  Reports  (R(3S  MED-16(R4)J  •  occupational  illness, 

are  unique  reports  that  pronde  epidemiological  data  •  job-related  injuries  that  resulted  in  death  or 
and  the  results  of  epidemiological  investigations  on  disability, 

selected  health  conditioas,  disease  outbreaks,  deaths,  •  job-related  injuries  that  caused  c  nployees  to 
and  attempted  suicides.  These  reports  include  the  lose  time  at  work  (other  than  the  day  on  which 

Special  Telegraphic  Report  of  Selected  Condition,  the  Spe-  the  injuries  occurred),  and 

cial  Telegraphic  Report  of  Rei.or}iible  Outbreak,  and  the  •  job-related  injuries  that  required  mc-dicalcare. 

MEDICAL  SURVEILLANCE 

The  two  princifHil  missions  or  occupational  health  •  primary  prevention,  which  is  oriented  to  pre¬ 
in  the  army  are  not  distinctly  separate,  but  they  are  venting  the  risk; 

very  different  (1)  reducing  negative  job-health  inteiac-  •secondary  prevention,  which  is  oriented  to 
tionsisjwrafuf/ivandapplicstothcgeneralpopulationof  reducing  or  pre^'cnting  the  exposure;  and 

^^'orkers,  as  well  as  to  the  individual  worker;  and  (2)  •  tertiary  prevention,  which  is  oriented  to  reduc- 

providing  healthcare  services  is  clinical  and  applies  to  ing  or  preventing  loitg-tcrm  impact  of  the  health 

the  individual  employee  as  a  patient.  These  elements  effect, 

of  the  Employee  Health  Progianr.  can  be  discussed 

separately.  A  basic  tool  for  the  preventive  aspects  of  When  using  medical  surveillance  as  a  primary  or 
occupational  health  is  medical  survallance.  |ob-related  secondary  prevention  tool,  we  view  the  individual  as 
medical  surveillance  in  the  field  of  occupational  health  an  employee.  When  we  use  medical  surveillance  for 
consists  of  systematically  and  periodically  collecting  tertiary  prevention,  we  view  the  individual  both  as  an 
and  analyzing  health  data  on  groupsof  employees  for  employee  and  asa  patient.  Tnocurverllanceresiillsare 
the  purpose  of  early  detection  of  the  increa^  risk,  or  used  for  the  diagnosis  and  treatment  of  the  clinical 
the  actual  presence,  of  negative  job-health  interac-  condition  and  to  indicate  that  a  change  (for  example, 
tions.  Medical  surveillance  can  be  used  to  achieve  light  duty)  is  needed  in  the  workplace. 
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Primary  prevention  is  defined  as 

a  means  or  preventing  the  occurrence  of  illness  or 
injur)’;  for  example,  by  immunization  against  infec¬ 
tious  disease  and  by  using  safety  equipment  to  pro¬ 
tect  workers  in  hazardous  occupations." 

It  seeks  to  reduce  or  eliminate  risk  through  interven¬ 
tion  before  exposure  to  that  risk.  Thus,  when  the  risks 
that  are  associated  with  a  particular  job  and  the  health 
clwracteristics  of  the  employee  that  place  the  em¬ 
ployee  at  increased  susceptibility  to  those  risks  can  be 
determined,  then  medical  surveillance  can  be  used  to 
identify  those  employees  who  will  be  at  the  greatest 
risk,  and  prevention  can  be  directed  at  these  employ¬ 
ees.  Of  course,  prevention  cannot  be  effective  until  the 
data  from  surveillance  are  used  to  enforce  a  change, 
thereby  reducing  the  occupational  risk. 

Primary  prevention  seeks  to  reduce  or  eliminate  the 
risk  by  avoiding  exposure.  For  example,  it  can  be  as 
simple  as  performing  giucose-6-phosphate  dehydro¬ 
genase  (G6PD)  tests  on  all  who  might  be  expo^  to 
nitrate-containing  compounds,  such  as  the  explosives 
RDX  and  M6  (a  propellant  used  for  artillery).  Expo¬ 
sure  to  nitrates  can  cause  methcmoglobin  to  form; 
the  G6PD  enzyme  converts  methemoglobin  back  to 
hen^globin.  Individuals  with  the  genetically  deter¬ 
mined  G6PD-enzymcdefk;ency  (suchas  tlioseofMedi- 
terranean  heritage)  may  be  unable  to  make  the  conver¬ 
sion  rapidly  enough  to  prevent  signs  or  methemo¬ 
globinemia.  Therefore,  a  one-time  preplacement  sur¬ 
veillance  for  G6PD  levels  can  prevent  the  worker  from 
being  e'.posed,  and  thus  avert  the  risk  of  methemoglo¬ 
binemia  by  taking  preventive  action  based  on  the 
findings. 

Secondary  prevention  iiKludes  both  detecting  delete¬ 
rious  health  effects  and  intervening  before  an  illness 
becomes  clinically  appaienl,  with  the  goal  of  retard¬ 
ing,  halting,  or  reversing  the  progress  of  the  illness. 
VJedicalsurveillancecan  beus^ !  secondary  preven¬ 
tion  to  detect  job-related  health  effects  prior  to  the 
onset  of  clinical  disease.  Surveillance  becomes  a  sec¬ 
ondary  prevention  tool  only  when  the  data  collected 
areusC’d  toguideinterventionsthalari'effective.  Other 
tfian  in  hearing  conHTvation,  there  have  been  no  sys¬ 
tematic  efforts  to  conduct  medical  surv'dllance  for 
soldiers,  with  the  exception  of  the  routine  physical 
examinations  required  to  remain  on  active  dufy. 

During  the  de.Trilitarization  of  the  chemical  agent 
BZ(oneoftheincaparitafingchemicalwarfareagents), 
the  workers  were  enrolled  in  a  very  strict  medical 
suTveillaJKc  program  to  assure  that  early  signs  and 
symptoms  of  exposure  to  BZ  would  be  detected.  Im¬ 
portant  to  this  program  was  the  measurement  of  the 


size  of  the  workers'  pupils  before  and  after  they  en¬ 
tered  the  chamber.  BZ  exposure  causes  mydriasis; 
while  mydriasis  is  not  in  itself  incapacitating,  it  is 
one  of  the  most  sensitive  indicators  of  exposure.  Not 
until  a  worker  was  actually  seen  with  mydriasLs  one 
afternoon  was  it  learned  that  the  procedures  used  by 
the  workers  to  decontaminate  themselves  after  their 
workshifts  might  be  inadequate.  Not  realizing  that  her 
hands  could  have  been  contaminated,  the  worker 
passed  her  hands  over  her  hair  and  over  hereyesasshe 
showered,  transferring  the  BZ  directly.  The  amount  of 
BZ  was  so  small  that  only  direct  contact  with  her  eyes 
could  h,ave  caused  her  pupils  to  enlarge.  Therefore, 
showeringprocedureswerechanged;theworkerswere 
instructed  to  assume  that  their  hands  were  potentially 
contaminated,  and  to  wash  them  first.  In  this  instance, 
medical  surveillance  was  an  effective  secondaiy  pre¬ 
vention  tool;  it  did  not  prevent  exposure,  but  it  de¬ 
tected  the  physiological  effect  of  exposure  before  an 
important  clinical  event  occurred. 

Tertiary  prevention  includes  both  the  detection  and 
treatment  of  an  illness,  or  the  rehabilitation  of  an 
injured  or  ill  person,  sufficiently  early  in  the  course  to 
decease  the  long-term  impact  that  the  iflness  or  inpiry 
may  have  on  that  individual.  Medical  surveillance  is 
a  tertiary  prevention  too!  when  it  is  used  to  ia)  docu¬ 
ment  that  the  job  has  already  affected  an  employee's 
health  or  (W  demonstrate  that  an  employee  is  not  fit  for 
duty  after  an  event  has  occurred. 

The  following  example  demonstrates  medical  sur¬ 
veillance  in  its  primary,  secondary',  Pv.d  tertiary  pre- 
ventroii  roles.  Carpal  tunnel  syndrome  (CIS)  is  a 
condition  associated  with  certain  repetitive-motion 
occupations  such  as  keyboarding.  A  medical  survei'- 
lance  program  for  keyboard  operators  could  include 
disqualification  of  any  indhiclual  who  reports  previ¬ 
ously  existing  CTS  on  prepUcement  history.  For  this 
job,  exclusion  serves  as  primary  prevention.  The  pro¬ 
gram  would  also  include  limited  annua!  histories  for 
all  keyboard  operacors  to  detect  IheeaMy  symptoms  of 
CTS.  Any  positive  findings  (for  example,  subclinical 
tingling  in  the  fingers)  would  be  followed  up  by  ac¬ 
tions  Jo  determine  workplace  practices  and  to  ntle  out 
clinical  disease.  This  medical  surveillance  program 
serves  as  secondaiy  prevention  when  it  has  detected 
subclinical  findings  and  the  Employee  Health  Pro¬ 
gram  staff  lias  taken  action  to  prevent  further  expo¬ 
sure.  The  same  program  serves  as  tertiary  pre\’ention 
when  a  worker  presents  with  clinical  signs  of  CTS  and 
the  actions  taken  in  the  workplace  are  done  to  prevent 
further  exacerbation  of  the  condition 

Medical  surveillance  is  prospective  and  ongoing  in 
rsaturc.  Effective,  efficieni,  and  economical  jcb-related 
medical  survdllance  must  encompass  (a)  rise  design  of 
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the  surveillance  program,  (b)  theperformanceofmedi- 
cal  screening,  and  (c)  the  use  of  the  surveillance  data. 
The  occupational  healthcare  professional  must  fully 
understand  that  medical  surveillance  and  medical 
screening  are  two  different  concepts  (Table3-1).  Medi¬ 
cal  screening  is  the  one-time  determination  of  the 
presence  or  absence  of  a  health  characteristic  in  an 
individual  or  a  group  at  risk.  Medical  screening  is 
cross-sectional  and  periodic.  Only  rarely  have  one¬ 
time  abnormal  screenings  demonstrated  job-health 
interaction. 

Lead  exposure  and  its  medical  indicators  illustrate 
the  concepts  of  medical  screening  and  medical  surveil¬ 
lance.  Blood-leveldeterminationisanexceLientscrBen- 
ing  tool  for  lead  exposure  because  an  elevated  value  of 
lead  in  the  blood  Ls  related  both  to  exposure  and  to 
lead's  biological  effects.  Thereare  two  action  levck  for 
lead.  The  first  is  the  environmental  exposure  (arr- 
rently,  30  pg/m^  as  a  time-weighted  average),  which 
detemines  when  blood-lead  screening  must  be  initi¬ 
ated.  The  second  is  a  blood-lead  screening  level  of  60 
pg/dL,  which  requires  removal  from  the  lead  expo- 
sureand  morefrequentscreeninguntil  theindividual's 
blood  lead  level  drops  below  40  pg/dL. 

Clearly,  screening  for  lead  is  effective  in  situations 
where  excessive  exposure  to  lead,  and  elevated  blood 
levels  of  lead,  occur.  One-tinte,  normal  blood  levels  of 
lead  are  of  little  use.  However,  if  screening  is  con¬ 
ducted  over  time  (for  example,  5  years),  even  though 
measured  workplace  levels  of  lead  do  not  exceed  the 
action  level,  slowly  rising  normal  levels  can  be  de¬ 
tected.  Steps  can  then  be  taken  to  control  lead  expo¬ 
sure  ix^arcany  individual  worker  isadversely  affected. 
Careful  screening  together  with  directed  achons  con- 
shtute  effective  medical  surveillance.  Therefore,  de¬ 
termining  a  blood  level  cf  lead  Is  medical  saeeaing, 
whereas  comparing  blood  lead  levels  over  time, 
whether  the  results  are  normal  or  abnormal,  is  medical 
surveillance. 

Determining  the  Need  for  Surveillance 

Designing  an  effective  surveillance  program  and 
tailoring  it  to  a  given  group  of  workers  be^ns  with 
determining  (sV  tie  reason  for  the  surveillance  and  (6) 
the  health  charactcsir-tjcs  that  should  be  monitored. 
For  these  purposes,  all  employees  can  be  divided  into 
three  basic  groups. 

Group  1 

The  first  group  of  empbyecs  perfonn  jubs  that 
require  minimal  physical  exertion  aiw  l«av':  little  po¬ 
tential  for  exposure  to  job-related  hazards.  Medical 


TABLE  3-1 

MEDICAL  SCREENING  VERSUS  MEDICAL 
SURVEILLANCE 


Chancteristics 

Screening 

Sureeillance 

Cross-sectional 

Prospective 

Singular 

J.ong!tudinal 

Focuses  on  absolute  values 
(normal  or  abnormal) 

Focuses  cn  trends 

surveillance  for  these  employees  is 

limited  to  periodic 

screening  to  ensure  that  the  workplace  remains  safe 
and  the  employees  remain  healthy. 

Group  2 

The  second  group  of  employees  are  those  whose 
health  or  fitness  status  must  sufficient  for  them  to  b? 
abie  to  (a)  perform  their  work  safely  and  effectively,  or 
{£>)  wear  the  personal  protective  equipment  (PPE)  re¬ 
quired  ata  worksite.  For  example,a  driver  should  not 
have  any  condition  that  could  incapacitate  liim  while 
he  transports  hazardous  cargo.  Thus,  medical  stan¬ 
dards  for  this  job  might  include  the  absence  cf  insulin- 
dependent  diabetes  mellibas,  and  a  medical  surveil¬ 
lance  program  would  screen  the  driver  for  diabetes. 
(Discrimination  against  the  medically  handicapped  is 
not  at  issue  here,  if  it  has  been  documented  that  the 
medical  condition  will  indeed  compromise  the  job.) 

The  key  to  designing  medical  surveillance  for  these 
e  jf^ployees  is  to  maintain  clearly  defined  medical  stan¬ 
dards.  In  the  army,  the  staffe  of  Employee  Health 
Programs  do  net  have  the  autaoritj'  to  publish  medical 
standards,  especially  if  employees  must  meet  these 
standards  if  they  are  to  retain  their  jobs.  The  sole 
authority  for  medical  standards  belongs  to  »he  Office 
of  Personnel  Management  through  the  Civilian  Per¬ 
sonnel  Office.  However,  physicians  should  work 
closely  with  personnel  officers  to  develop  medical 
standards  when  appropriate. 

Performance-relmed  medical  standards  ihataddress 
lequirod  capabilities  are  preferred  to  Sf>cdficaUon-Te- 
l?.ted  medical  standards,  which  require  documenta¬ 
tion  of  the  absence  of  specific  results  of  screening  tests. 
For  example,  s  medical  surveillance  program  should 
be  designed  tc  ensure  that  employees  who  are  re¬ 
quired  to  wear  respiratory  protective  equipment  are 
physically  capable  of  doing  so.  Disqualifying  factors 
for  wearing  a  respirator  safely  could  include  v/caring 
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a  beard  (which  would  compromise  the  seal)  and  ab¬ 
normal  or  borderline  pulmonary  function. 

An  appropriate  performance-related  medical  stan¬ 
dard  c  3uld  state  that  any  employee  required  to  wear  a 
respirator  (a)  not  wear  a  beard  and  tb)  have  no  evi¬ 
dence  of  compromised  pulmonary  function.  In  this 
case,  the  occupational  health  physician  might  decide 
tliat  heorshe  will  determinethepresenceorabsenceof 
compromised  pulmonary  function,  especially  in  a 
younger  population,  merely  by  talking  to  and  observ¬ 
ing  the  employee  periodically. 

On  the  other  hand,  a  specification-related  medical 
standard  could  indicate  that  pulmonary  function 
tests  must  be  performed  annually,  and  that  an  em¬ 
ployee  with  an  FEVj  (forced  expiratory  volume  in  1 
sec)  lower  than  70%  of  that  expected  fortheemployee's 
age  group  would  be  removed  from  the  job.  This 
specification-related  medical  standard  requires 
unnecessary  testing  and  also  raises  insurmountable 
quality  assurance,  medicolegal,  and  ethical  difficul¬ 
ties.  Fortunately,  few  published  medical  fitness  stan¬ 
dards  exist.  The  arm)''s  Employee  Health  Program 
staffs  have  the  opportunity  and  the  responsibility  to 
work  closely  with  management  in  developing  local 
medical  fitness  standards  that  are  tailored  to  indi- 
\idual  installations. 

Group  3 

Thisgroupofemployees  works  with  polentialchemi- 
cal,  physical,  or  biological  hazards  and  require  med¬ 
ical  surveillance  for  the  following  reasons: 

•  to  meet  requirements  where  workplace  c.\po- 
sures  exceed  one  of  the  federal  exposure  stan¬ 
dards, 

•  to  detect  exposure-related  health  effects  early, 

•  to  monitor  theef  fecti  veness  of  the  controls,  and 

•  to  monitor  the  extent  of  the  exposure. 

Several  acceptable  means  exist  for  tailoring  job- 
related  medical  surveillance  for  this  group  of  employ¬ 
ees.  Medical  surveillance  can  be  based  on  job  titles, 
worksites,  or  documented  exposures  and  individual 
susceptibility. 

Designing  Medical  Surveillance 

A  mc-dical  surveillance  program  that  is  based  solely 
on  the  assumption  that  exposure  has  occurred  is  uiv 
likcly  tobecost  effective.  Numerous  fitctorsconsri&u te 
to  determining  the  need  for  and  content  of  medical 
surveillance: 


•  Theassumptionthataworkermighthavebeen 
exposed  does  not  mean  that  a  biologically  sig¬ 
nificant  dose  will  also  have  been  received. 

•  The  assumption  that  a  biologically  significant 
dose  has  bwn  received  does  not  necessarily 
mean  that  the  dose  will  have  been  sufficient  to 
cause  a  negative  health  effect. 

•  Likewise,  theassumption  thata  negativehealth 
effect  hjis  occurred  does  not  mean  that  an  ap¬ 
propriate  screening  test  also  exists. 

The  level  of  exposure  sufficient  to  trigger  concern 
for  a  group  of  employees  is  sometimes  difficult  to 
determine.  However,  if  an  obviously  uncontrolled 
exposure  is  occurring,  preventive  medicine  dictates 
that  action  be  taken  to  alleviate  the  exposure  wiiiiout 
screening  for  health  effects.  Where  uncontrolled  expo¬ 
sure  has  not  been  documented,  the  probability  that 
health  effects  can  be  demonstrated  through  surveil¬ 
lance  is  very  low.  Basing  the  need  for  surveillance  on 
the  assumption  that  any  exposure  will  cause  negative 
healtn  effects  is  neither  cost  effective  nor  sound  prac¬ 
tice  of  occupational  medicine. 

Other  factors  further  complicate  surveillance  de¬ 
sign.  We  cannot  assume  that  al!  subjects  in  a  given 
population  will  be  exposed  identically;  also,  we  can¬ 
not  assume  that  they  will  respond  to  exposure  identi¬ 
cally.  For  example,  in  an  army  ammunition  plant,  two 
workers  standing  side  by  side  at  ai>  assembly  line  may 
be  exposed  to  completely  different  levels  of  propellant 
for  so  simple  a  reason  as  a  difference  in  the  air  flow. 
Even  if  they  were  exposed  idenbcally,  the  two  might 
not  demonstrate  the  same  toxic  effects.  .Nitroglycerin 
unintentionally  inhaled  or  ingested  in  the  workplace 
has  exactly  the  same  biological  effect,  vasodilation, 
as  nitroglycerin  taken  as  a  prescribed  medication. 
One  worker  might  be  very  susceprtible,  due  to  his  cardio¬ 
vascular  status,  while  a  coworter  could  be  completely 
unaffected. 

Once  an  exposure  justifies  medical  surveillance, 
other  assumptions  must  be  made  concerning  the  ef¬ 
fects  on  health.  First,  most  toxic  substances  affect 
specific  organ  systems  m  specific  ways.  Often  the 
toxicity  of  the  substance  depends  on  the  route  of 
exposure,  asd'health  effects  vary  with  theleveland  the 
duration  of.cJtjsosure.  Standard  toxicology  textbooks 
usually  list  all  theeffects  on  health  that  are  associated 
with  a  given  poison.  If  (festaff  oftheEmployee  Health 
Program  designsascreestng  pmgrzta  to  demonstrate 
the  absence  of  evesv  toxac  effect  a  particular  agent 
might  cause,  the  stafi  .will,  m  effect,  be  tiyingio  prove 
a  negative.  Such  a  program  vviilibe  neither  coil  effes 
live  nor  useful. 


U.S.  Army  Health  Programs  and  Services 


Instead,  the  occupational  health  physician  must  use 
professional  judgment  to  determine  the  organs  most 
likely  to  be  affected  if  a  negative  job-health  interaction 
has  occurred.  The  OTSG  has  accepted  criteria  for  deter¬ 
mining  the  most  likely  sentinel  toxic  effects,  including 

•  the  health  effect  on  which  the  OSHA  permis¬ 
sible  exposure  limit  (PEL)  or  the  American 
Conference  of  Governmental  Industrial  Hy¬ 
gienist  (ACGIH)  Threshold  Limit  Value  (TLV) 
was  originally  based, 

jny  health  effect  demonstrated  to  occur  after 
exposures  to  airborne  levels  up  to  twice  the 
PEL  or  the  TLV,  and 

•  any  health  effect  in  animals,  if  the  exposure 
was  up  to  twice  the  PEL  or  TLV,  and  if  other 
related  chemicals  are  known  to  cause  similar 
health  effects  in  humans. 

Some  employees  may  require  job-related  medical 
surveillance  to  meet  minimum  medical  standards,  as 
in  the  case  of  the  second  group  of  employees  described 
above,  and  due  to  potentially  hazardous  exposures,  as 
in  the  case  of  the  third  group.  .Although  it  makes  good 
sense  to  conduct  all  required  surveillanceconcuirently, 
the  occupational  health  practitioner  must  assure  that 
the  principles  outlined  for  both  groups  of  employees 
are  applied. 

Determining  the  Screening  Content 

A^ter  the  need  for  medical  surveillance  has  been 
determined,  the  content  of  the  surveillance  must  be 
designed 


Medical  Surveillance  Screening  Tools 

Four  medical  screening  tools  are  available:  (1)  the 
interim  history,  (2)  a  limited  physical  examination,  (3) 
diagnostic  laboratory  screening,  and  (4)  biological 
monitoring.  Theefrectivenessofttresetoolsismeasured 
by  their  sensitivity,  specificity,  cost,  acceptability,  ease 
of  use,  accuracy,  and  reproducibility  (Table  3-2).  Few 
screening  tools  meet  ail  criteria  for  widespread  use. 

Figure  3-6  provides  a  visual  presentation  of  the 
relationships  among  sensitivity,  specificity,  and  posi¬ 
tive  predictive  value.  Sensitivily  is  the  percentage  of 
positive  test  results  in  a  population  that  has  the  char¬ 
acteristic  being  tested  (true  posifives).  Speciftcily  is  the 
percentage  of  negative  test  results  in  a  population  that 
does  not  have  the  characteristic  being  tested  (true 
negatives).  Positive  predictive  value  depends  on  the 
specificity  of  the  test  a».d  the  prevalence  of  the  condi¬ 
tion  in  the  population,  (^uite  simply,  positive  predic¬ 
tive  value  is  the  percentage  of  true  positi\'es  among  all 
positives.  However,  in  the  case  of  job-related  medical 
surveillance,  positive  predictive  value  and  true  posi¬ 
tives  must  also  take  into  account  the  specific  etiology 
of  the  specific  effect  (that  is,  the  job-ielatedness).  A 
patient's  liver-function  test  naay  be  abnormal,  but  when 
considering  the  patient  as  an  employee,  this  abnor¬ 
mality  is  relevant  to  occupational  health  only  if  the 
abnormality  is  caused  by  a  job-related  exposure. 

To  expand  further  on  this  example,  liver-  function 
tests  can  be  demonstrated  to  have  very  low  positive 
predictive  value  for  job-related  medical  surveillance. 
Assume  that  a  worker  population  has  a  5%  prevalence 
of  job-related  liver  disease,  and  that  liver-function 
tests  have  100%  sensitivity.  Also  assume  that  liver- 


TABLE3-2 

STRENGTHS  AND  WEAKNESSES  OF  MEDICAL  SCREENING  TOOLS* 


Interim  Medical 
History 

Limited  Physical 
Examination 

Laboratory  Procedures 

BiologicalMonitoring 

Sensitivjty 

+ 

+1- 

Specificity 

+ 

+f- 

-- 

Low  Cost 

+-r 

++ 

+/- 

+/- 

Acceptability 

++ 

+/- 

+/- 

Ease  of  Performance 

-Hf 

++ 

+/- 

+/- 

Accuracy 

+/- 

-t-f 

-M- 

Reproducibility 

+/_ 

+/- 

++ 

'AMume^jdcqtMle  clinical  skills  and  stale-of-lhoarl  technology 
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100% 


0 


=  Test  Positive 

=  Test  ftegative 

A  =  True  Positive 
B  =  False  Positive 
C  =  False  Negative 
D  =  True  Negative 


0 

□ 


Senatrvity;  the  tSat  if  has  the  disesse,  hs  or  she  wP!  lest  pceHive.  Sensrtwity  = 

SpeoToty:  the  probability  that  the  test  erS&eaegaCveglvar.  the  absence'*}  me  diseasa  Spedficily=-^: 

D*^U 

PosiSve  PfstfieSve  Value;  theprofcsbiritythatsomeoecwstnauoiiSve  wvt  xJajtusSynavethadiseasa.  Positive  Predictive  Value 
Ncgaltvst  FretteJjve  Value;  me  probabdity  Sal  sofueoftevnSi  a  tregathrc  tost  wifl  not  have  the  disease.  Negative  Pretfidive  Value 


Fig.  A  visuai  representation  demonstrating  the  mathematical  relationships  among  positi  veand  negative  test  results  and 
disease  presence  or  absence.  The  relationships  are  dependent  on  test  sensitivity  and  specificity  and  cm  disease  prevalence. 
Figure.  Courtesy  of  David  F.  Crucss,  PhD,  Professor,  Department  of  Preventive  Medicine  and  Biometrics,  F.  Edward  Hubert 
School  or  Medicine,  Uniformed  Services  University  of  Health  Sciences,  Bethesda,  Md;  1993. 


fanctioti  tests  have  a  specificity  of  90%.  The  resuits  of 
too  liver-function  tests  in  this  population  would  be  5 
true  positives  and  10  false  positives.  The  positive 
predictive  value  vvould  be5  true  positives  outof  a  total 
of  1 5  positives,  or  33%.  This  example  does  not  include 
the  prevalence  of  non-job-related  liver  disease  (cer¬ 
tainly  not  an  uncommon  entity),  which  would  reduce 
the  posihve  predictive  value  for  job-related  disease 
even  further.  Using  loiv-sp>ecificity  screening  (sech  as 
liver-function  tests)  often  results  in  expiensive,  lime- 
consuming  follow-up.  Obviously,  selecting  a  more 
spedfic  screening  tool  is  one  solution  to  this  problem. 
Being  very  spedficinlhepopulationselected  forscreen- 
ing  (that  is,  doing  liver-function  testson  those  workers 


who  report  changes  in  alcohol  tcleranceand  are  known 
to  be  exposed  to  hepatotoxins)  is  another. 

The  most  valuable  medical  screening  tool  is  the 
interim  occupational  and  medical  history,  which  is 
used  throughout  the  employee's  participation  in  the 
Employee  Health  Program.  In  most  cases,  the  interim 
history  consHtubs  the  only  screening  necessary  for 
medical  surveillance  because  the  army's  workforce  is 
relatively  healthy  and  job-related  illnesses  are  rare.  A 
well-constructed  interim  hisloiy  can 

•  confirm  information  about  an  indixidual’s  job, 

•  confirm  tb.iemployee'suseof  personal  protec¬ 
tive  devices. 
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•  confirm  exposure  history, 

»  determine  possible  changes  in  health  status, 

•  determine  the  need  for  further  screening, 

•  establish  an  appropriate  relationship  with  the 
employee, 

•  observe  the  employee  for  signs  of  decreased 
fitness,  and 

•  provide  the  employee  with  job-specific  health 
education. 

A  limited  physical  examination  directs  the  physi¬ 
cian  to  look  for  specific  findings  tliat  the  interim  his¬ 
tory  or  published  medical  standards  have  already 
suggested.  By  limiting  the  examination  to  target  or¬ 
gans,  the  specificity  increases  and  the  examination 
becomes  useful  for  medical  surveillance.  But  simply 
instructing  a  physician  to  administer  an  examination 
with  emphasis  on  a  specLhc  organ  system  does  not 
always  direct  the  physician  sufficiently.  For  example, 
published  medical  surveillance  guidance  for  xvorkers 
who  are  exposed  to  isocyanates  recommends  an  an¬ 
nual  examination  "with  emphasis  on  the  respiratory 
system."^  Such  guidance  is  inadequate.  If  the  exam¬ 
ining  physician  is  unaware  that  isocyanates  are  pul¬ 
monary  sens'feers  that  cause  job-related  asthma,  he 
or  she  may  examine  the  patient  cn  Monday  morning 
(before  exposure  has  occurred)  and  note  normal  find¬ 
ings  on  chest  auscultation.  But  if  the  physician  had 
been  advised  to  listen  for  wheeling  after  exposure  to 
isocyanates,  the  examination  could  have  been  con¬ 
ducted  after  the  worker  was  expcjed  on  Wednesday 
afternoon.  This  examination,  directed  toward  a  spe¬ 
cific  finding,  might  also  be  quicker  and  easier.  Just 
examining  the  chest  Is  completely  different  from  spe¬ 
cifically  listening  for  v/heezing  after  an  exposure  to  a 
known  pulmonary  sensitizer. 

Diagnostic  laboratory  screening  tests  are  the  third 
medical  screening  tool.  For  laboratory  screening  to  be 
effective,  the  test's  specificity  is  of  param.ount  impor¬ 
tance.  A  battery  of  tests  on  a  groupof  employees  based 
on  their  job  description,  or  on  the  presumption  of 
exposure,  car.  be  costly  (the  cost  of  initial  and  follow¬ 
up  testing)  and  quite  likely  will  not  disc.iminate  be¬ 
tween  true  positive  results  (which  could  indicate  a  job- 
related  health  effect)  and  false  positive  results  (which 
are  either  spurious  or  have  nothing  to  do  with  the  job). 
Diagnostic  laboratory  screening  is  not  able  to  detect  all 
of  tne  sentinel  target  organ  effects  on  health  (such  as 
most  early  cancers),  and  one-time  screening  values, 
regardless  of  whether  they  are  normal  or  abnormal, 
are  often  useless. 

Even  though  published  medical  surveillance  guid¬ 
ance  (for  example,  DoD  Manual  6G555-M)  for  specific 
hazards  includes  a  comprehensive  list  of  laboratory 


tests,  this  information — because  it  is  so  broad  and 
nonspecific — may  or  may  not  be  valuable.  Many 
medical  personnel  conclude,  erroneously,  that  because 
the  lists  are  published  by  experts,  physicians  are  there¬ 
fore  obligated  to  perform  all  the  tests  listed  for  each 
specifieexposure.  However, theguidelinesaddressall 
potential  exposures;  professional  judgment  is  essattial. 
The  only  professionals  who  can  determine  which  tests 
are  necessary  are  the  physician,  the  nurse,  or  the 
physician's  assistant,  who  have  talked  Jo  the  employee, 
visited  the  employee's  workplace,  and  detennined  the 
possible  health  eff^ects  for  which  a  diagnostic  screening 
test  is  indicated  and  available. 

Biological  monitoring  includes  all  of  the  same  char¬ 
acteristics  as  diagnostic  laboraloiy  screening  and  can 
also  measure  a  toxic  agent  or  its  metabolites  in  a  bodily 
fluid.  Biological  monitoring  can  be  an  excellent  m.edi- 
cal  surveillance  tool  because  of  its  high  specificity,  but 
such  monitoring  is  available  for  very  few  occupational 
hazards  (for  example,  for  lead,  blood  lead;  for  benzene, 
urine  acetone;  and  for  polycyclic  aromatic  hydrocar¬ 
bons,  specific  DNA  adducts).  Audiograms  can  also  be 
used  as  medical  surveillance  tools  to  monitor  for  expo¬ 
sure  to  noise. 

Timing  the  Screening 

Thelimingofmedicalscreeningisessential.  Screen¬ 
ing  is  conducted  before  job  assignments  are  made, 
periodically  during  employment,  and  on  termination 
of  emplo)mient.  It  also  can  be  conducted  in  conjunc¬ 
tion  with  the  preplacement  examination  in  order  to 
provide  baseline  data  for  comparison  with  future  sur¬ 
veillance  data,  and  to  document  the  preexposure  health 
status.  Periodic  medical  screening  is  conduaed  at 
routine  intervals  and  should  always  include  an  in¬ 
terim  history.  The  content  of  periodic  screening  need 
not  ahvays  include  the  entire  spectrum  of  screening 
tests,  but  the  appropriate  tests  should  be  selected 
based  on  the  interim  history,  the  latency  period  of  the 
most  likely  health  effect,  and  the  time  required  for 
physiological  or  physical  changes  to  be  of  sufficient 
magnitude  for  detection. 

To  determine  the  appropriate  time  of  the  day  or  the 
week  for  screening,  the  occupational  health  physician 
must  consider  the  reason  for  the  screening.  For  ex¬ 
ample,  in  searching  for  long-term  oimulative  effects, 
or  in  documenting  fitness  to  work,  screening  might 
best  be  conducted  early  in  the  day  and  early  in  the 
week,  to  decrease  the  likelihood  that  test  results  will 
reflect  transient  effects.  Hearing  tests,  for  example,  are 
done  after  a  48-hour  quiet  period  (such  as  a  weekend). 
However,  if  acute  effects  are  being  sought,  or  if  the 
extent  of  cxposuie  is  being  documented,  screening 
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both  later  in  the  day  and  later  in  the  week  may  be  more 
appropriate.  Thus,  the  easiest  way  to  ensure  that 
SCTeening  is  appropriate  is  to  (a)  conduct  the  initial 
interview  at  any  convenient  time,  and  then  (b)  conduct 
further  screening  at  a  specifically  appropriate  time. 

Using  Medical  Surveillance  Results 

The  success  of  a  medical  surveillance  program  de¬ 
pends  on  how  the  collected  data  are  used.  Whether  the 
data  show  normal  or  abnormal  findings,  the  results 
must  be  used  to  prevent  any  negative  job-health  inter¬ 
action.  Normal  medical  screening  results,  ifor  ex¬ 
ample,  can  be  used  as  a  basis  for  comparisorr  with 
future  screening,  for  altering  the  content  of  future 
screening,  for  documenting  that  the  employee  is  fit  for 
work,  and  for  ensuring  that  control  measures  amad- 
equate. 

Abnormal  screening  results  require  more  action. 
First,  the  physician,  physician's  assistant,  or  nurse 
must  inform  the  employee  of  the  results  and  recom- 
mendappropriatemedical  follow-up.  Ifiafterthe  first- 
level  screening,  a  diagnosis  or  relationship  to  the  job 
cannot  be  determined,  the  staff  must  conduct  more 
comprehensive  testing  until  a  negative  job-health  re¬ 
lationship  is  either  verified  or  eliminated.  Further¬ 
more,  when  abnormal  findings  demonstrate  that  an 
employee  is  unfit  for  work,  according  toeitier  medical 
standards  or  physical  requirements,  the  staff  must 
work  with  the  Civilian  Personnel  Office  and  recEm- 


mend  a  job  change. 

When  published  medical  standards  do  not  exist,  the 
staff  must  use  their  professional  judgment  about  the 
possible  relationship  between  screening  results  and 
the  job.  However,  if  surveillance  results  indicate  that 
the  job  has  affected  an  employee's  health,  then  the 
staff  cannot  assume  that  only  one  employee  is  at  risk. 
They  must  assume  that  a  sentinel  event  has  been 
detected  and  vigorously  pursue  surveillance  of  the 
potentiaEy  at-nsk  population.  In  addition,  the  staff, 
together  wi&  the  industrial  hygienist,  safety  officer, 
and  engineer,  must  inten  ene  at  the  job  site  to 

•  substitnte-nonhazardous  substances; 

•  reduce  exposure  tvith  engineering  controls; 

•  reduceexposuie  with  administrative  controls; 

•  limit  intemalidosesfijy  using  PPE,  and; 

•  when  necesCTcy,  remove  employees  from  the 
job. 

Far  too  offen,  occnpaticmal  health  staff  are  unin- 
fomed.  Hbs-y  equatemedicalsurv'eillance  with  occu¬ 
pation^  health.  Furtaermore,  they  equate  medical 
screening  wrfh  iredicd  surveillance.  While  both  are 
clearly  very  in^ortant  to  the  Employee  Health  Pro¬ 
gram,  if  they  are  not  (oJ  perform^  with  insight  and 
plannmg  arid  (t)  follctwed  up  with  prevention-ori¬ 
ented  actions,  not  only  aae  time  and  money  wasted,  but 
the  job-related  hmlifaefeds  that  are  occurring  may  be 
undetected  until  it  is  too  late  to  help  the  workers. 


OCCUPATIONALHEAirrHCARErSERVlCB 


A  number  of  EmployeeHealthPrograms,  including 
those  for  medical,  dental,  and  veterinary  psisoand, 
provide  preventive  rEedicne  semces  based  on  the 
concept  of  surveillance,  irduding:  (c)  the-Employee 
Health  Program  for  healfhrare  workers,  (b)  halth 
education,  (c)  health,  pron-ustion,  id)  admmistrataye 
medical  examinations,  (?)  raonitonng  absences  dae  to 
illness,  (/)  job-related  imarnnEzations,  {g}  reproduc¬ 
tive-system  surveillance,  (hlscrreillance  of  pjersonnel 
with  chronic  diseases  or  physcai  disabilitics,.curd-  (r) 
epidemiological  studies. 

Other  health  servic&anrdinnaLindudmg  tii^jener- 
gency  treatment  o?  ainessandsinpny  and  {b)  preven¬ 
tion  and  conftol  ofalcahriland’drngabuse.  All  of  these 
preventive  measares.gmerate  a  greitdcal  of  informa¬ 
tion  about  the  ernjjAc^'s  health  stmis  that  must  not 
only  be  documented  ec  recondsand.T!»p»rts  but  also  be 
used  to  Euppjort  the  ultimate  goal  of  !&e prevention  of 
negative  jol^health  uitErnctioas. 


Preventive'MedicneServiccs 

TkeErtzpioa^Hcatlz^rogram  for  Healthcare 
Werke:^ 

Due  to  the  wide  range  of  potential  health  hazards 
present  m  healtlicare  facilities,  healthcare  piersonnel 
must  also  be  included  in  the  installation's  Employee 
Health  Program.  Compared  to  the  total  civilian 
workforce,  hospital  workers  have  a  higher  rate  of 
workers'  compiensation  claims  for  sprains  and  strains, 
infectious  and  parasitic  diseases,  dermatitis,  hepatitis, 
mental  disorders,  eye  diseases,  influenza,  and  toxic 
hepalitis.^^ 

Some  of  the  health  hazards  encountered  in  the 
healthcare  environment  differ  from  the  hazards  at 
installations,  but  the  Employee  Health  Program  for 
healthcare  personnel  is  the  same  as  that  for  other 
workers.  Furthermore,  the  same  staff  provides  em- 
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ployee  health  services  to  both  populations.  The  pro¬ 
gram  attempts  to  achieve  two  objectives:  first,  to  pro¬ 
vide  a  safe  and  healthy  working  environment;  and 
second,  to  assist  the  employee  in  maintaining  optimal 
health  and  efficiency  in  his  or  her  job. 

Infectiousdiseasesareamajorconcem  for  healthcare 
personnel.  Not  only  can  infections  be  transmitted  to 
healthcarepersonnei,butthroughthem,secondarytraMs- 
missioti  to  patients  can  also  occur.  Close  coordination 
with  the  infection-control  nurse  and  the  infection- 
control  committee,  continuing  education,  and  envi¬ 
ronmental  control,  are  required  in  the  MTF.  Strict 
compliance  with  regulations  and  with  the  guidance  of 
the  infection<ontrol  program  is  essential.  These  regu¬ 
lations  include 

•  DoD6C55.5-M,  Occupational  Health  Surveillance 
Manual: 

•  U.S.  Army  En\'ironmental  Hygiene  Agency 
(USAEHA)  Technical  Guide  143,  Evaluation  of 
OccupationalExposuretoEthyleneOxideinHealth- 
Care  Facilities,  which  will  be  published  in  Tech¬ 
nical  Bulletin  Medical  (TB  MED)  512; 

•  USAEHA  Technical  Guide  149,  Guidelines  for 
the  Preparation,  Administration,  and  Disposal  of 
Cytotoxic  Drugs: 

•  TB  MED  510,  Interim  Guidelines  for  the  Evalua- 
tionand  Control  ofOccupational  Exposure  to  Waste 
Anesthetic  Gases:  and 

•  AR  40-14,  Control  and  Recording  Procedures  for 
Exposure  to  Ionizing  Radiation  and  Radioactive 
Maierials. 

Employees  who  work  in  hemodialysis  units,  blood 
banks,and  biological  laboratories  facesignihcant  health 
risks  as  the  result  of  occupational  exposures  to  blood 
and  other  potentially  infectious  materials  that  contain 
blood-borne  pathogens.  Blood-borne  pathogens  in¬ 
clude  the  hepatitis  B  virus,  which  causes  hepatitis  B, 
and  the  human  immunodeficiency  virus  (HIV),  which 
causes  the  acquired  immunodeficiency  syndrome 
(AIDS).  Hepatitis  B  is  the  major  infectious  occupational 
health  hazard  in  the  healthcare  industry.  Both  the  hepati¬ 
tis  B  virus  and  the  HIV  virus  can  lead  to  a  number  of 
life-threatening  conditions  incIudingcancer.fTherisks 
associated  with  these  blood-bome  jjathogens  are  dis¬ 
cussed  further  in  Chapter  5,  Health  Hazards  to 
Healthcare  Workers.)  OSH.A  is  currently  developing 
an  exposure  standard  for  occupational  expxjsure  to 
blood-bome  pathogens. 

Certain  aspects  of  the  Employee  Health  Program 
are  important  to  healthcare  personnel  because  they 
can  help  prevent  nosocomial  infections,  including 


immunizations,  monitoring  absences  due  to  illness, 
and  pregnancy  surveillance,  which  are  discussed  later 
in  this  chapter.  Monitoring  absences  due  to  illness  is 
especially  important  in  controlling  the  spread  of  infec¬ 
tions  from  healthcare  personnel  to  patients,  and  to 
identify  and  document  the  occupational  diseases  that 
are  transmitted  from  patients  to  employees.  The  trans¬ 
mission  of  infections  signals  that  prevention  mecha¬ 
nisms  may  not  be  operating  optimally  and  may  dictate 
that  an  epidemiological  investigation  be  initiated. 

Healthcare  personnel  are  at  risk  for  potential  expo¬ 
sure  to  chemical,  physical,  and  biological  hazards.  As 
in  any  other  work  area,  the  industrial  hygienist  must 
developacomprehensivehealth-hazard  inventory  that 
identifies  the  hazards  in  the  MTF.  (These  hazards  are 
addressed  in  Chapter  4,  Industrial  Hygiene.) 

Employee  Health  Education 

Job-related  health  education,  which  trains  employ¬ 
ees  about  the  health  hazards  associated  with  their 
occupations,  is  mandated  by  law  and  is  primarily  the 
responsibility  of  supervisors.^’^  They  need  the  sup¬ 
port  of  several  disciplines — safety,  nursing  and  medi¬ 
cine,  industrial  hygiene — and  the  civilian  and  military 
personnel  office  training  staff  to  adequately  train  their 
employees  regarding  the  diverse  hazards  of  the  work 
environment. 

The  nurses  and  physicians  educate  the  employees 
regarding  the  health  consequences  of  workplace  haz¬ 
ards.  The  information  they  provide  should  include  the 
signs  and  symptonrs  of  exposme  to  each  hazard,  the 
appropriate  emergency  medical  treatment  for  acute 
exposure  to  each  hazard,  the  required  medical  surveil¬ 
lance  for  each  hazard,  and  the  necessity  for  PPE  or 
clothing  for  each  hazard.  The  Employee  Health  Pro¬ 
gram  staff  may  provide  job-related  health  education 
individually  during  job-related  health  evaluations,  or 
to  groups  of  employees  who  are  exposed  to  the  same 
hazards.  Documentation  of  the  education  is  required 
in  the  occupational  medical  record.® 

Job-related  healtheducationalsoencompassesother 
areas  that  need  the  support  of  the  Employee  Health 
Program  staff.  These  include 

•  orientation  and  guidance  of  supervisors  re¬ 
garding  their  responsibilities  for  employee 
health, 

•  orientation  of  employees  to  the  services  that 
the  Employee  Health  Program  provides,  and 

•  modification  of  the  work  practices  that  can  be 
changed  by  health  education  to  prevent  injury 
or  illness. 
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Physicians  and  nurses  also  provide  general  health 
education  to  assist  the  employee  to  achieve  optimal 
health.  This  education  is  usually  given  at  the  time  that 
the  employee  receives  healthcare  or  approaches  the 
employee  health  staff  with  questions  or  problems. 
Small-group  sessions  may  address  specific  conditions 
or  habits  when  a  group  of  workers  is  identified  to  have 
a  common  problem  and  help  is  requested.  Group 
education  may  be  especially  effective  in  dealing  with 
health  problems  or  habits  such  as  diabetes  (or  other 
chronic  diseases),  obesity,  and  smoking. 

Healthcare  personnel  m.ay  distribute  educational 
pamphlets  to  employees  as  a  supplement  either  to 
group  sessions  or  to  individual  education.  This  will 
help  to  reinforce  the  training  provided.  They  may  also 
publish  health  information  asarticlesofinterestwithin 
the  installation,  which  can  be  disseminated  to  the 
employee  population. 

Health  Promotion 

The  U.S.  Army  Health  Promotion  Program,  an  in¬ 
stallation  command  program,  b  designed  to  promote 
and  maintain  the  physical  well-being  and  fitness  of 
both  military  personnel  and  civilian  employees.*'’  Al¬ 
though  civilian  employees  are  encouraged  to  partici¬ 
pate  in  fitness  and  exercise  programs,  only  employees 
in  jobs  w'ith  physical  fitness  requirements,  like 
firefighters,  will  be  granted  regular  time  off  from  work 
to  participate  in  physical  fitness  iraining. 

The  commander  may  approve  up  to  3  hours  of 
administrative  leave  per  week  to  allow'  other  civilian 
employees  to  participate  in  command-sponsored  physi¬ 
cal  fitness  exercise  training,  monitoring,  or  education. 
These  activities  must  be  an  integral  part  of  a  total 
fitness  program  and  be  limited  lo  6  to  8  weeks  in 
duration.  Employees  may,  however,  participate  in 
these  programs  in  their  off-duty  time. 

The  physical  fitness  program  responsibilities  of  the 
Employee  Health  Program  staff  are  minimal.  They 
may  provide  medical  examinations  for  the  employees 
in  jobs  that  have  physical  fitness  standards  in  order 
to  determine  their  ability  to  participate  in  an  exercise 
program.  The  occupational  health  nurse  may  refer 
employees  or  may  seek  consultation  from  the  health 
promotion  program  staff  for  certain  programs  such 
as  nutrition  or  smoking  cessation,  in  order  to  provide 
these  in  the  Employee  Health  Program. 

TheEmployceHealth  Program  servicesinclude  health 
promotion  activities  such  as  («)  small-group  counseling, 
lb)  mass  disease  screening,  and  (c)  voluntary  health 
maintenance  examinations.  All  health  promotion  ac¬ 
tivities  for  civilian  personnel  arc  the  lowest  priority 
and  are  offered  only  when  the  resources  are  available. 


Small'Group  Counseling.  The  occupational  health 
nurse  may  conduct  small-group  counseling  sessions 
on  specific  problems  or  habits  that  affect  employee 
health.  Before  planning  these  programs,  u  >sential 
to  perform  a  needs  assessment  (that  is,  to  determine  the 
perceived  medical  needs  and  interests  of  the  employ¬ 
ees).  Small-group  counseling  programs  require  their 
participants  lo  make  a  lifestyle  ora  behavioral  change. 
The  programs  must  be  designed  to  help  individuals 
adopt  positive  health-related  behaviors,  such  as  smok¬ 
ing  cessation,  stress  management,  and  good  nutrition, 
to  help  them  attain  a  higher  level  of  well-being.  The 
planners  of  these  programs  should  optimally  ufilize 
available  MTFs,installations,orlocalconimunity  health 
resources  such  as  the  American  Heart  Association  or 
the  American  Cancer  Society. 

Mass  Screening  for  Diseases.  Another  voluntary 
health  promotion  activity  that  the  Employee  Health 
Program  may  perform  is  mass  screening  for  diseases — 
either  single-disease  or  multiphasic-disease  screen¬ 
ing.  Single-disease  screening  may  delect  one  medical 
condition  such  as  high  blood  pressure,  while 
multiphasic-disease  screening  offers  tesb  such  as  those 
for  blood  sugar,  hearing,  and  vision.  In  planning  a 
mass  saeening,  coordination  with  the  MTF and  other 
community  resources  can  be  advantageous.  In  addi¬ 
tion,  the  following  questions  need  lo  be  considered: 

•  Do  the  prevalence  and  seriousness  of  the  dis¬ 
ease  or  condition  justify  the  cost  of  interven¬ 
tion? 

•  Is  the  procedure  app:  opiiate  lo  the  health  goals 
of  the  age  group,  and  is  it  acceptable  to  the 
population? 

•  is  the  procedure  relatively  easy  to  administer, 
easy  to  interpret  by  healthcare  professionals, 
and  available  at  reasonable  cost? 

»  Are  resources  available  for  follow-up  diagno¬ 
sis  or  therapeutic  intervention? 

•  Will  appropriate  referrals  be  made  as  indi¬ 
cated? 

•  Is  there  an  evaluation  of  the  mass  screening 
program's  effectiveness? 

Health  Maintenance  Examinations.  While  health 
maintenance  examinations  can  be  offered  to  civilian 
employees,  they  are  not  a  requirement  for  the  job; 
however,  employees  arc  encouraged  to  participate. 
The  examinations  should  be  tailored  to  specific  health 
goals  and  professional  health  services  that  are  appro¬ 
priate  for  different  age  groups,  rather  than  performing 
identical  tests  and  examinations  for  the  entire  em¬ 
ployee  population.  Regardless  of  the  scope  of  the 
examinations,  appropriate  follow-up  is  crucial. 


82 


U.S.  Army  Health  Programs  and  Services 


Administrative  Medical  Examinations 

A  basic  premise  of  employment  by  the  federal  gov¬ 
ernment  is  that  employees  must  be  fully  qualifi^  to 
perform  the  essential  duties  and  responsibilities  of 
their  positions  safely  and  efficiently,  without  undue 
risk  to  themselves  or  others.  However,  employees 
need  to  have  only  the  minimum  physical  abilities  that 
are  necessary  to  fulfill  this  requirement.  The  purpose 
of  performing  an  administrative  medical  examination 
is  to  determine  the  employee's  physical  and  mental 
ability  to  perform  the  job.  Mairagement  needs  this 
information  to  nxake  employment  decisioirs:  virtually 
all  employment-related  decisions  involving  an 
applicant's  health  status  are  made  by  management, 
not  by  physicians.  The  role  of  the  examining  physician 
in  employment  decisions  is  limited  to  determining  the 
stability  of  the  individual's  medical  condition  and 
whether  the  individual  meets  the  medical  require¬ 
ments  of  the  job. 

The  Office  of  Personnel  Management  has  estab¬ 
lished  medical  standards  and  physical  requirements  fora 
few  specific  jobs."  Medical  standards  describe  (fl)  the 
minimum  health  status  or  fitness  level  that  has  been 
determined  to  be  rucessary  for  safe  and  efficient  per¬ 
formance  and  (b)  the  medical  conditions  that  are  con¬ 
sidered  to  be  disqualifying  for  certain  jobs.  Physical 
requirements  differ  from  medical  standards  in  that 
they  describe  the  physical  abilities  that  an  employee 
must  have  to  perform  the  tasks  included  in  a  job,  such 
as  the  ability  to  lift  50  lb. 

The  types  of  physical  examinations  that  are  admin¬ 
istrative  include  (fl)  preplacement  examinations,  (W 
periodic  examinations,  (c)  fitness-for-duty  examina¬ 
tions,  and  (<f)  disability  retirement  examinations. 

Preplacement  Examinations.  Preplacement  exami¬ 
nations  (that  b,  examinations  that  are  performed  be¬ 
fore  the  employee  commences  working)  enable  the 
occupational  health  physician  to  assess  theemployee's 
physical  abilities  and  limitations  xvith  respect  to  job 
requirements,  and  to  document  baseline  data  for  fu¬ 
ture  use  in  theevaluation  of  potential  w'orkplace  expo¬ 
sures.  Preplacement  examinations  also  identify  sus¬ 
ceptible  individuals  who  might  be  at  higher  risk  for 
developing  diseases  related  to  specific  occupational 
exposures;  for  example,  people  of  Mediterranean  heri¬ 
tage  can  develop  hemolytic  anemia  after  being  ex¬ 
posed  to  reducing  agents,  w'hereas  their  similarly  ex¬ 
posed  but  non-M^iterranean  coworkers  will  not.  This 
helps  to  ensure  that  employees'  job  placements  are 
safe. 

Office  of  Personnel  Management  polic>'  limits  man¬ 
datory  preplacement  medical  examinations  to  person¬ 
nel  who  are  applying  for  positions  that  have  specific 


physical  fitness  standards,  potentially  hazardousduty 
exposures,  or  when  the  examination  is  required  by  the 
employing  agency.^  The  local  Civilian  Personnel  Of¬ 
ficer  determines  the  positions  that  require  preplace¬ 
ment  health  evaluatiorrs.  Generally,  most  wage-grade 
positions  are  considered  arduous  or  hazardous  and 
require  a  preplacement  examination.*  By  compari¬ 
son,  GS  positions  are  considered  light  duty  and  do  not 
require  a  preplacement  examination,  except  for  a  few 
ocoipational  series." 

The  local  occupational  health  physician  determines 
the  specific  content  of  preplacement  examinations. 
The  physician  must  consider  the  duties  and  require- 
mentsof  the  position  including  environmental  factors, 
legal  and  regulatory  requirements,  and  any  other  file- 
tors  that  are  directly  relevant  to  determining  the 
applicant's  ability  to  perform  the  job  safely  and  effi¬ 
ciently.  Additionally,  if  the  applicant  is  assigned  to  a 
work  environment  that  is  potentially  hazardous  to  his 
or  her  health,  the  occ  ipational  health  physician  must 
administer  baseline  screening  tests  and  examinations 
(an  audiogram  for  noise  exposure  or  an  electrocardio¬ 
gram  for  nitroglycerin  exposure)  that  are  specific  to  the 
hazards.  All  assessments  should  include 

•  a  personal  and  family  health  history,  including 
a  reproductive  history  for  both  men  and 
women,  and  a  smoking  and  alcohol  history; 

•  a  detailed  work  history,  including  the  length  of 
employment  in  each  job  and  the  nature  and 
duration  of  exposure  to  hazardous  conditions; 
and 

•  a  general  medical  history. 

Certain  forms  must  be  completed  to  document  the 
administration  and  findings  of  the  preplacement  ex¬ 
amination.  TheSFTS,  Certijicaleoj Medical  Examination, 
and  the  SF  93,  Report  of  Medical  History,  are  required  for 
all  appropriated-fund  applicants  who  are  required  to 
undergo  a  preplacement  examination.  Similarly,  DA 
Form  3437,  Certificate  of  Medical  Examination,  and  the 
SF  93  are  required  for  nonappropriated-fund  appli¬ 
cants.  The  Civilian  Personnel  ^fice  usually  forwards 
the  SF  78  and  DA  Form  3437  to  Employee  Health 
Program  staff  members,  indicating  the  specific  job's 
physical  requirements  and  environmental  factors. 

Although  theOfficeof  Persoraiel  Management  does 
not  requirea  preplacement  examination  forapplicants 
for  positions  with  duties  that  are  usually  sedentary  or 
only  moderately  active,  these  applicants  must  com- 
plete  forms  prior  to  employment  to  establish  their 
medical  qualifications.  Appropriated-fund  applicants 
must  complete  the  SF  177,  Statement  of  Physical  Ability 
for  Light  Duly  Work  and  nonappropriated-fund  appli- 
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cants  roust  complete  DA  Fonn  3666,  Statement  of  Physi¬ 
cal  Ability  for  Light  Duty  Work.  Even  though  a 
preplacement  examination  is  not  required  for  light- 
duty  woricers.  Employee  Health  Pro^m  personnel 
must  obtain  a  general  medical  history  for  these  appli- 
cants\JsmgtheSF93,ReportofMedicalHistory.  Baseline 
screening,  such  as  for  blo^  pressure,  vision,  and 
hearing,  is  recommended  if  resources  are  available. 
Additionally,  hazard-specific  baseline  screening  tests 
must  be  done  if  the  light-duty  applicant  will  be  as¬ 
signed  to  a  potentially  hazardous  work  environment 

Periodic  ExtoninatioMS.  The  purpose  of  adminis¬ 
trative  periodic  examinations  is  to  verify  an  employee's 
continuing  ability  to  perform  the  job.  However,  the 
purpose  of  periodic  job-related  examinations  is  to 
determiite  the  effect  of  the  job  on  the  health  status  of 
the  employee.  Although  the  Office  of  Personirel  Man¬ 
agement  spedfioUy  requires  that  only  a  few  positions 
have  periodic  examinations,  it  is  good  occupational 
health  practice  to  perform  annual  examinations  on  all 
employees  whose  positions  have  medical  standards 
or  physical  requirements.®'^'®  Several  ARs  address 
periodic  examinations,  including  AR  420-90,  Fire  Pro¬ 
tection;  AR 190-56,  TheCivilian  Police  and  Army  Security 
CuardProgram;and  AK6IIXt-55,MotorVehicleDriverattd 
Equipment  Operator  Selection,  Training,  Testing,  and 
Licensing. 

The  administrative  periodic  examination  requires 
that  the  Employee  Health  Program  staff  record  the 
results.  For  appropriated-fund  civilian  employees, 
either  the  SF  78,  Certificate  of  Medical  Examination,  or 
SF  88,  Report  of  Medical  Examination,  is  used  to  re¬ 
cord  results.  The  results  of  administrative  periodic 
examinations  for  military  persormel  are  recorded  only 
onSF88. 

Fitness-for-Duty  and  Disability  Retirement  Ex¬ 
aminations.  Fitiress-for-duty  and  disability  retire¬ 
ment  examinations  determine  the  employee's  contin¬ 
ued  capability  to  meet  the  physical  or  medical 
requirements  of  a  position.®'^'  A  federal  agency  may 
offer  a  medical  examirration  that  iiKludes  a  psychiatric 
evaluation  or  p^cholo^cal  assessment,  or  it  may  re¬ 
quest  the  employee  to  submit  medical  documentation 
in  any  situation  in  which  it  is  in  the  goverrunent's 
interest  to  obtain  medical  mformation  that  is  relevant 
to  an  individual's  ability  to  perform  safely  and  effi¬ 
ciently.  Whenever  an  agerKy  either  orders  or  offers  a 
medical  examination,  or  requests  medical  documenta¬ 
tion,  the  employee  must  be  informed  in  writing  of  the 
following: 

•  the  reasons  for  the  examination, 

•  the  individual's  right  to  submit  medical  infor¬ 
mation  from  his  or  her  own  physidan,  arrd 


•  the  agency's  obligation  to  consider  informa¬ 
tion  from  the  individual's  physician.® 

Theemployeemustsubmitmedicaldocumentation 
when  a  chmge  in  duty  status,  working  conditions,  or 
any  other  benefit  or  special  treatment  for  medical 
reasorrs  is  requested.  Theagencyiequestingthemedi- 
cal  examination  or  documentation  must  pay  the  rea¬ 
sonable  costs  that  are  associated  with  otoining  the 
examination  or  mformatiorL  Should  the  employee 
request  the  examination  while  in  the  process  of  apply¬ 
ing  for  a  benefit  or  special  consideration  (such  as 
extended  sick  leave  or  reassignment),  the  employee  is 
responsible  for  paying  the  cost  of  the  examination.® 

The  supervisor  is  responsible  for  making  requests 
for  fitness-for-duty  examinations  through  the  Qvilian 
Persormel  Office.  The  Civilian  Persormel  Office  then 
forwards  all  background  data  that  pertairts  to  the 
request  to  the  Employee  Health  Program  staff.  This 
infoimation  is  essential  for  the  physician  to  make  a 
valid  medical  detcrmmation. 

Monitoring  Absences  due  to  Illness 

Supervisors  aird  the  Civilian  Personnel  Office  are 
responsible  for  absentee  persormel.  However,  the 
Employee  Health  Program  staff  should  contribute  sig- 
irificantly  to  keeping  employees  healthy  and  present 
on  the  job,  to  minimize  the  cost  of  the  time  lost  because 
of  absmeesdueto  illness.  Medical  monitoring  ensures 
that  the  employee  is  well  enough  to  perform  his  job 
safely,  but  it  is  not  a  means  to  monitor  the  use  of  sick 
leave.  At  no  time  should  the  Employee  Health  Pro¬ 
gram  staff  be  requested  or  used  to  dt^  on  suspected 
malingerers  wIict  they  are  out  of  work  on  persona), 
skk,  or  workers'  compensation  leave.  The  identifica¬ 
tion  and  control  of  the  abuse  of  leave  benefits  is  a 
supervisory  and  Civilian  Persormel  Office  resporrsibil- 
ity.  Martagement,  employees,  and  unions  should  un¬ 
derstand  this  for  the  monitoring  of  absences  due  to 
illness  to  be  effective. 

The  requirement  arrd  responsibilities  for  nmnitor- 
irrg  absent  due  to  illness  must  be  included  in  the 
installation  occupatiorul  health  regulation  so  that  tlie 
medical  aspects  can  be  implemented.  The  medical 
monitoring  of  abseiKesdueto  illness  includes  evaluat¬ 
ing,  treating,  or  referring  employees  who  become  ill  or 
are  injured  during  duty  hours.  The  purposes  of  this 
service  iiKlude  the  appropriate  disposition  of  ill  em¬ 
ployees,  the  staff's  provision  of  health  education,  atkl 
the  staff s  itKreased  a%vareness  of  the  types  of  h^lth 
problems  in  the  employee  population.  The  monitor¬ 
ing  program  also  increases  the  staff's  capability  to 
detect  sentirwl  job-related  health  effects  by  knowing 
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the  reason  for  employees'  absences  from  work.  (Man¬ 
hours  can  also  be  consen'cd  if  palliative  treatment  is 
provided  for minorillnessesorinjuriesand  employees 
are  able  to  quickly  return  to  their  jobs.) 

The  Employee  Health  Program  staff  should  evalu¬ 
ate  the  health  status  of  civilian  employees  who  are 
returning  to  work  after  an  absence  due  to  illness.*  This 
evaluation  is  essential  whether  or  not  the  absence  was 
occupationally  related;  it  ensures  that  the  employee  is 
well  enough  to  work.  The  results  of  the  evaluation 
may  reveal  that  the  employee  cannot  return  to  his  or 
her  regular  job,  but  is  able  to  perform  some  other  type 
of  work.  The  occupational  health  physician  can  thm 
recommend  work  limitations.  An  evaluation  after  an 
absence  due  to  job-related  illness  is  also  essential  to 
document  the  accident  or  illness  accurately  in  the 
occupational  health  record. 

The  occupational  health  physician  and  the  Qvilian 
Personnel  Office  determine  the  duration  of  the  absences 
and  the  illnesses  thatrequire  an  evaluation  forall  person¬ 
nel  except  those  who  are  off  due  to  job-related  cases, 
pcrsonnd  in  patient-care  positions,  and  personnel  who 
handle  food.  These  employees  are  requi^  to  report  to 
the  staff  for  evaluations  after  any  illness.*  As  a  rule, 
instructing  all  other  employees  to  clear  through  the 
Employee  Health  Program  after  a  nonoccupational  ab- 
sencedueto  illness  thatislongerthanSworkingdayswiO 
meet  the  medical  monitoring  objective  without 
overburdening  the  Employee  Health  Program  staff. 

Monitoring  absences  due  to  illness  includes  per¬ 
forming  medical  evaluations  when  they  are  necessary 
in  support  of  the  F^eral  Employee's  Compensation 
Act  claim  ccnlroversions  (that  is,  legal  actions  that  are 
taken  when  the  employer  does  not  agree  with  the 
employee  that  a  compensable  illness  or  injury  has 
occurr^).  Medical  evaluations  are  also  necessary  for 
employees  who  are  expected  to  be  absent  from  work 
for  2  or  more  weeks  due  to  a  job-related  illness  or 
injury.*  These  evaluations  may  require  only  a  review 
of  m^ica!  reports  or  they  may  call  for  an  appropriate 
examination.  Theoccupational  health  physician  should 
request  specially  consultation  when  it  is  indicated. 

Immunizations 

Some  occupational  settings  may  increase  an 
employee's  risk  of  infection.  For  example,  the  poten¬ 
tial  for  increased  exposure  to  biological  hazards  exists 
in  hospitals,  medical  and  dental  clinics,  animal-care 
facilities,  child-care  centers,  biological  research  labo- 
iatories,and  waste-disposal  facilities.  Employees  who 
travel  to  foreign  countries  in  an  official  capacity  arc 
also  considered  to  have  an  increased  risk  of  infection. 

The  immunization  program  for  healthcare  person¬ 


nel  provides  those  who  are  at  risk  with  appropriate 
immunizations  and  chemoprophybxis.  An  OTSG 
policy  letter  mandates  hepatitis  B  immunizations  for 
all  active-duty  members  of  AMEDD.*^  This  policy 
letter  also  advises  that  civilian  healthcare  personnel  at 
risk  should  individually  be  encouraged  to  be  immu¬ 
nized,  unless  immunization  is  specifically  mandated 
in  their  work  agreements  or  job  descriptions.  In  addi¬ 
tion  to  hepatitis  B  immunizations,  the  Employee  Health 
Program  may  provide 

•  rubella,  tetanus,  and  influenza  immunizations 
for  medical  and  dental  personnel; 

•  rabies  prophylaxis  for  veterinary  staff  and  ani¬ 
mal  handlers; 

•  specific  vaccinations  for  the  staff  who  work 
with  pathogens  in  research  and  medical  labo¬ 
ratories;  and 

•  tuberculosis  screening  for  high-risk  dental, 
medical,  and  veterinary  personnel 

The  stafi  provides  or  arranges  for  appropriate  im¬ 
munizations,  chemoprophylaxis,  and  other  preven¬ 
tive  measures  against  communicable  diseases  such  as 
tetanus,  rubelb,  and  tuberculosis.  Before  determining 
which  immunizations  and  chemoprophylaxes  should 
beoffered  tocivilian  personnel,  theoccupational  health 
physician  must  assess  the  specific  biological  hazard 
and  the  potential  effectiveness  of  a  vaccine  to  control 
the  problem.  Theoccupational  health  physician  should 
use  the  current  Recommendations  of  the  Immunization 
Practices  Advisory  Committee,  which  is  published  by  the 
U5.  Public  Health  Service,  Centers  for  Disease  Con¬ 
trol,  as  a  reference  in  making  these  determinations. 
Immunizations  for  military  personnel  must  comply 
%vith  AR  40-562“  and  guidance  from  the  OTSG. 

The  staff  may  also  offer  immunizations  that  are  not 
job-related.  For  example,  influenza  immunizations 
are  offered  to  civilian  personnel  in  an  effort  to  reduce 
absenteeism  due  to  illness. 

Surveillance  of  Employees  Exposed  to  Reproductive 
Hazards 

Surveillanceminimizes  occupationally  engendered 
risks  to  the  health  of  the  pregnant  employee  and  her 
fetus,  and  to  the  health  of  the  reproductive  system  of 
the  male  employee.  Therefore,  this  surveillance  must 
include  both  male  and  female  civilian  and  military 
employees,  because  the  biology  of  reproduction  dem¬ 
onstrates  clearly  that  both  males  and  females  are  at 
risk  from  workplace  hazards  to  the  reproductive  sys¬ 
tem,**  and  is  emphasized  for  nursing,  dental,  medical, 
and  veterinary  personnel. 
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In  addition  to  evaluating  pregnant  women  for  po¬ 
tential  exposures  to  chemical,  physical,  and  biological 
hazards,  exposures  to  nosocomial  hazards  (such  as 
cytomegalovirus,  herpesvirus, and  rubella)  in  the MTF 
must  also  be  evaluated.  Pregnant  women  should 
avoid  unnecessary  or  regular  contact  with  patients 
who  either  have  hepatitis  or  who  could  be  carriers  of 
the  hepatitis  virus:  maternal  infection  with  hepatitis  B 
virus  in  the  latter  stages  of  pregnancy  may  cause 
significant  illness  and  death  to  the  newborn. 

A  pregnancy  surveillance  program  is  the  responsi¬ 
bility  primarily  of  the  occupational  health  nurse,  in 
accordance  with  guidelines  that  theoccupational  health 
physician  develops.  The  NIOSH  Research  Report  is  an 
excellent  reference  for  pregnancy  surveillance.^ 

One  of  the  first  steps  in  implementing  a  pregnancy 
surveillance  program  is  for  the  occupational  health 
nurse  to  coordinate  with  the  Civilian  Personnel  Office 
and  supervisors  in  instituting  a  policy  and  procedure 
that  ensures  that  civilian  woricers  contact  the  Em¬ 
ployee  Health  Program  staff  as  soon  as  they  know  they 
are  pregnant.  The  program  for  military  womenshould 
be  coordinated  with  the  obstetrical  or  gynecological 
nursing  staff  or  the  community  health  nurse. 

Work  areas  or  occupations  that  contain  potential 
hazards  to  the  reproductive  system  must  be  identified 
through  the  health-hazard  inventory  developed  by  the 
industrial  hygienist.  All  female  employees  who  are  of 
childbearing  age  and  all  male  employees  v/ho  are 
assigned  to  these  areas  must  not  only  be  informed  that 
potential  hazards  to  their  reproductive  systems  exist, 
but  also  be  informed  of  the  effects  of  those  hazards 
during  their  preplacement,  p>eriodic,  and  termination 
examinations.'  Any  history  of  infertility  should  alsobe 
evaluated  from  an  occupational  standpoint.  Women 
must  be  provided  information  on  the  availability  of 
job  accommodation  or  transfer  in  the  event  of  preg¬ 
nancy,  if  this  is  necessary  to  protect  the  mother  or  her 
fetus.  In  addition,  the  potential  hazards  to  the  repro¬ 
ductive  system  that  are  identified  and  the  education 
and  counseling  thatare  provided  must  bedocumented 
in  the  individual's  occupational  medical  record. 

When  an  employee  contacts  the  Employee  Health 
Program  staff  to  inform  them  of  her  pregnancy,  a  nurse 
or  physician  must  interview  the  employee  and  docu¬ 
ment  a  health  and  work  history.  The  staff  must  deter¬ 
mine  at  that  time  if  the  employee  may  continue  work¬ 
ing  safely  in  her  current  job.  In  addition,  the  staff  must 
obtain  and  record  da  ta  in  the  employee's  occupational 
medical  record.  These  data  include  the  expected  date 
of  confinement,  previous  pregnancies,  home  exp£>- 
sures,  hours  of  work,  and  other  pertinent  information. 

If  the  environment  is  safe,  the  Employee  Health 


Program  staff  need  not  periodically  follow  up  this 
initial  evaluation.  However,  the  interviewer  should 
advise  the  employeeduringtheinitialevaluationthatthe 
occupational  health  nurse  should  be  contacted  imme 
diately  if  any  changes  occur  in  her  work  environment. 

Coordination  between  the  Employee  Health  Pro¬ 
gram  staff  and  the  pregnant  employee's  attending 
physician  is  essential.  The  occupational  health  physi¬ 
cian  is  familiar  with  the  demands  and  exposures  of  the 
job,  but  the  attending  physician  might  be  unfamiliar 
with  the  potential  hazards  that  are  present  in  the 
employee's  work  environment.  When  questions  that 
are  related  to  the  safe  job  placement  of  a  pregnant 
employee  arise,  a  diacussiun  will  lead  to  a  more  valid 
mutual  decision  as  to  whether  the  employee  may 
continue  to  work  in  her  present  position  or  will  require 
a  transfer  for  job  accommodation. 

The  coordination  between  the  employee's  physi- 
danand  the  Employee  Health  Program  staff  continues 
even  after  the  employee's  pregnancy.  While  the 
employee's  attending  physician  must  clear  the 
employee's  return  to  work  after  maternity  leave,  the 
occupational  health  nurse  must  also  evaluate  the  em¬ 
ployee.  The  occupational  health  nurse  should  evalu¬ 
ate  the  pregnancy  outcome  and  document  the  results 
in  the  employee's  medical  record. 

Surveillance  of  Employees  with  Chronic  Diseases  or 
Physical  Disabilities 

Surveillance  of  personnel  with  chronic  diseases  or 
physical  disabilities  errsures  that  the  employees'  opti¬ 
mal  health  status  is  maintained  and  that  no  adverse 
effects  result  from  interactiorrs  of  the  job  with  the 
chronic  illness  or  disability.  If  this  surveillance  is 
effective,  these  employees  can  remain  active  members 
of  the  workforce. 

The  staff  should  identify  employees  who  have 
chronic  diseases  or  disabilities  that  may  affect  or  be 
affected  by  their  work  assignments.  This  can  be  ac¬ 
complish^  by 

•  reviewing  SF 177,  Statement  of  Physical  Ability 
for  Light  Duly  Work; 

•  reviewing  SF  93,'  Report  of  Medical  History; 

•  performing  preplacement,  periodic,  and  re- 
tum-to-rvork  examinations;  and 

•  performing  mass  screening  programs. 

OiKe  employees  with  chronic  diseases  or  physical 
disabilities  have  been  identified,  standard  medical 
practice  dictates  that  they  be  medically  evaluated  to 
determine  their  work  capabilities  and  to  ensure  safe 
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job  placement.  If  the  evaluation  indicates  that  the 
employee  is  unable  to  perform  all  of  his  or  her  job 
duties,  the  Employee  Health  Program  staff  should 
notify  the  employee's  supervisor. 

The  frequency  of  follow-up  evaluations  varies  de¬ 
pending  on  the  employee's  specific  condition.  A  fol¬ 
low-up  evaluation  may  consist  of  either  a  telephone 
call  by  the  Employee  Health  Program  staff  to  the 
employee  to  inquire  about  the  health  status  and  to 
offer  counsel,  or  a  visit  by  the  employee  to  the  em¬ 
ployee  health  serviceior  further  evaluation  and  coun¬ 
seling.  During  these  evaluations,  the  employee  should 
inform  the  staff  of  any  changes  in  his  or  her  condition. 

The  staff  should  document  medical  evaluations  in 
theemployee'smedical  record.  Documentation  should 
include  clinical  data  regarding  the  disease  or  physical 
disability,  its  current  treatment,  and  the  name  of  the 
employee's  personal  physician.  DA  Form  5571, Master 
Problem  List,  is  used  to  document  current  diagnoses 
and  medications  used  currently  or  recently.  The  staff 
should  update  this  information  whenever  the  em¬ 
ployee  is  examined  or  counseled. 

Epidemiological  Investigations  of  Occupational 
Illnesses  and  Injuries 

Epidemiological  investigations  must  be  conducted 
after  a  suspected  or  proven  occupational  illness  has 
occurred  and  after  excessive  numbers  of  occupatioim! 
injuries  havebeenidentified.*Forexample,CTSamong 
workers  in  specific  job  categories  such  as  clerks  and 
computer  operators  has  recently  been  a  topic  of  con¬ 
cern  (Figure  3-7); 

CIS  results  from  repetitive  flexing  and  bending  of  the 
wrist,  which  causes  tendons  to  swell,  increasing  pres¬ 
sure  in  the  carpal  channel  and  pinching  the  m^ian 
nerx’e.’* 

Theassociation  between  theillnessor  injury  and  the 
potential  presence  of  an  unhealthy  or  unsafe  work 
environment  is  evaluated  in  an  epidemiological  inves¬ 
tigation.  Inquiries  must  extend  beyond  individual 
cases  to  the  identification  of  the  total  population  at  risk 
for  the  same  illness  or  injury.  The  investigation  must 
be  coordinated  with  the  industrial  hygienist  and  other 
preventive  medicine  personnel  as  ne^ed,  safety  offi¬ 
cials,  and  other  personnel  who  may  have  a  responsibil¬ 
ity  or  an  interest  in  thercatureand  themagnitudeof  the 
problem. 

Epidemiological  investigations  range  from  a  simple 
review  of  the  individual's  work  and  health  history 
with  an  evaluation  of  the  exposure  at  the  worksite,  to 


a  detailed  study  involving  sampling  and  laboratory 
analysis  of  suspected  agents,  medical  examinations 
and  tests,  and  a  literature  review.  Frequently,  investi¬ 
gations  require  the  assistance  of  the  supporting  medi¬ 
cal  center.  If  the  MEDCEN's  capabilities  are  limited, 
epidemiologicalconsultationisavailablethroughcom- 
mand  channels  from  the  USAEHA  and  the  Walter 
Reed  Army  Institute  of  Research.* 

Clinical  Services 

Clinical  services  are  also  provided  to  civilians  who 
v/ork  for  the  army,  including  (a)  emergency  treatment 
of  illnesses  and  injuriesand  (hjalcohol  and  drug-abuse 
prevention  and  control  programs.  (The  latter  is  in¬ 
cluded  in  this  section  betause  it  can  be  clinically  rel¬ 
evant;  howex'er,  the  cause  is  not  considered  to  be  job 
related.) 

Emergency  Treatment  of  Illnesses  and  Injuries 

Civilian  employees  are  generally  not  eligible  for 
definitivediagnosesandtreatmentsofnonoccupational 
injuries  and  illnesses  under  the  Employee  Health  Pro¬ 
gram.  However,  there  are  two  exceptions  to  this.  First, 
in  an  emergency,  the  civilian  employee  will  be  given 
the  medical  attention  that  is  requir^  to  prevent  the 
loss  of  life  or  limb,  or  to  relieve  suffering  until  he  or  she 
can  be  cared  for  by  a  private  physician.  And  second, 
civilian  employees  may  also  be  treated  for  miner 
disorders,  including  first  aid  or  palliative  treatment, 
when  the  employee  would  not  reasonably  be  expected 
to  seek  attention  from  a  private  physician.  This  re¬ 
duces  absences  due  to  illness  by  enabling  the  em¬ 
ployee  to  complete  the  current  workshift  before  con¬ 
sulting  a  private  physician.  However,  requests  for 
recurrent  treatment  of  the  same  nonoccupational  dis- 
ordersaredisccuraged.  If  continued  care  is  necessary, 
the  employee  should  be  referred  to  his  or  her  private 
physician. 

Minor  treatments  or  services  for  nonoccupational 
conditions,  such  as  administering  allergy  injections, 
monitoring  blood  pressure,  and  hanging  dressings, 
can  be  provided  at  the  discretion  of  the  occupational 
health  physician  in  charge.  Requests  for  allergy  injec- 
tioas  must  be  submitted  in  writing  and  signed  by  the 
employee's  private  physician,  and  the  employee  muist 
provide  the  medications  that  are  required.  These 
services  are  provided  so  that  lost  work  time  can  be 
avoided. 

Arrangements  for  emergency  medical  care  during 
nonduty  hours  of  the  MTF  should  be  made  for  those 
employees  who  work  hours  other  than  the  normal  day 
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Fig.  3-7.  The  section  through  the  wrist  at  the  distal  row  of  carpal  bones  shows  the  carpal  tunnel.  Increase  in  size  of  the  tunnel 
structures  caused  by  edemattraumal.inflammation  (rheumatoid  disease),ganglion,ainyloiddeposits,ordiabcticneuropathy 
may  compress  the  median  nerve.  The  person  vzilh  carpal  tunnel  syndrome  will  develop  atrophy  of  thenar  muscles  due  to 
long-standing  compression  of  the  median  nerve,  will  oftentimes  experience  gradual  numbness  of  the  fingers  while  driving, 
and  may  be  aw’akened  at  night  by  tingling  and  /or  pain  in  the  thumb,  index,  and  middle  fingers.  Repfinted  with  permission 
from  Netter  FH.  The  CIBA  Collection  of  Medical  Illustrations.  Vol  1,  Nervous  System.  Part  2,  Neurologic  and  Neurcmuscukr 
Disorders.  West  Caldwell,  Nj;  CIBA-Geigy;  Slide  3485;  212. 


shift.  Firefighters  or  guards  who  are  appropriately 
trained  may  provide  emergency  care,  or  employees 
might  be  referred  to  nearby  community  hospitals  or 
physicians. 

Prevention  and  Control  of  Alcohol  and  Drug  Abuse 

The  US.  Army  Alcohol  and  Drug  Abuse  Prevention 
and  Control  Program  (ADAPCP)  is  an  installation 
command-sponsored  program  that  addresses  alcohol 
and  other  drug  abuses  and  related  activities  in  a  single 
program.  Military  employees  are  not  just  eligible  for 
the  program;  participation  is  mandatory  for  all  sol¬ 


diers  who  are  enrolled  in  the  ADAPCP  by  their  com¬ 
manders.  Medical  serrices  and  clinical  support  for 
soldiers  being  treated  in  ADAPCP  are  the  respoasibili- 
ties  of  the  MEDCEN-MEDDAC  commander.  While 
civilian  employees  are  eligible  for  the  program,  their 
enrollment  is  voluntary.  Employees  with  an  alcohol- 
or  drug-abuse  problem  are  encouraged  to  seek  assis¬ 
tance  and  counsel  ftom  ADAPCP.^'*"  In  the  program 
for  civilians,  the  functions  of  the  Employee  Health 
Program  staff  include  initial  counseling,  referring  em¬ 
ployees  to  treatment  resources,  and  performing  the 
initial  medical  evaluationsof  employees  whoenterthe 
program. 
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SUMMARY 


The  U.S.  Army  operates  over  130  Employee  Health 
Programs  worldwide  for  its  military  and  civilian  em¬ 
ployees.  Although  these  programs'  administrative 
structure,  professional  staffing,  and  areas  of  emphasis 
are  quite  diverse,  they  all  are  based  on  the  same  set  of 
laws,  DoDIs,  and  ARs.  All  have  the  same  basic  mis¬ 
sions:  to  prevent  negative  interactions  between  the|ob 
and  the  workers'  health  and  to  provide  job-related, 
clinical  healthcare  services.  ' 

The  health  program  for  the  army's  civilian  employ¬ 
ees  is  compo^  of  (fll  preventive  medicine  services 
and  (b)  clinical  services.  The  preventive  elements 
include  job-related  medical  surveillance,  administra¬ 


tive  medical  examinations,  surveillance  of  employees 
exposed  to  reproductive  hazards,  monitoring  of  ab¬ 
sences  due  to  illness,  surveillance  of  personnel  with 
chronic  diseases  or  physical  disabilities,  job-related 
immunizations,  health  ^ucation,  epidemiological  in¬ 
vestigations,  and  health-promotion  programs.  The 
clinical  elements  include  treatment  of  job-related  ill¬ 
nesses  and  injuries,  palliative  treatment  of  minor  ill¬ 
nesses,  and  alcohol'  and  drug-abuse  programs.  Be¬ 
cause  military  personnel  receive  routine  healthcare 
through  MTFs,  job-related  medical  surveillance  is  the 
only  Employee  Health  Program  element  that  is  usu¬ 
ally  provided  to  soldiers. 
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INTRODUCTION 


From  its  inception,  the  US.  Army  has  led  in  devel¬ 
oping  and  using  new  technologies.  This  leadership 
has  certainly  true  concerning  the  recognition, 
evaluation,  and  control  of  potential  health  hazards  at 
army  worksites.  Keeping  up  with  the  diverse  mix  of 
potential  hazards  associated  with  army  operations  in 
the  field  and  in  garrison  has  allov/ed  army  industrial 
hygienists  to  maintain  a  nationally  recogtUzed  role  in 
both  the  identification  of  hazards  and  the  implementa¬ 
tion  of  controls.  Soldiers  in  hghting  units  are  com¬ 
monly  exposed  to  hazardous  materials;  industrial  hy¬ 
gienists  recognize  and  help  to  control  these  potentially 
hazardous  occupational  exposures.  Controlling  even 
such  common  chemical  h^rds  as  degreasing  sol¬ 
vents  or  carbon  monoxide  helps  to  ensure  that  sol¬ 
diers'  health  is  in  a  state  that  maximizes  their  ability  to 
project  combat  power.  Similarly,  identifying  and  con¬ 
trolling  noise  h^rds  helps  to  protect  a  sentry's  hear¬ 
ing  acuity.  The  ability  to  recognize  subtle  enemy 
approach  signals  such  as  breaking  twigs  or  jingling 
rifle  cartridges  helps  keep  entire  units  safe.  At  the 
army's  industrial  base  installations,  industrial  hygien¬ 
ists  help  to  prevent  the  loss  of  experienced  civilian 
personnel  who  have  been  exposed  to  potentially  haz¬ 
ardous  materiak  during  the  production  and  repair  of 
ammunition  and  other  equipment 

Both  the  American  Industrial  Hygiene  Association 
(AIHA)'  and  the  American  ConferencecfGovemmen- 
tal  Industrial  Hygienists  (ACGIH)^  have  defined  in¬ 
dustrial  hi/giene  as 

that  science  and  art  devoted  to  the  recognition,  evalu¬ 
ation,  and  control  of  those  environmental  factors  or 
stresses,  arising  in  or  from  the  workplace,  which  may 
cause  sickness,  impaired  health  and  well-being,  or 
significant  discomfort  and  inefficiency  among  work¬ 
ers  or  among  the  citizens  of  the  community.''*^' 


AIHA  and  ACGIH  also  define  an  industrial  hygienist  as 

a  person  having  a  college  or  university  degree  or  de¬ 
grees,  in  engineering,  chemistry,  physics,  medicine,  or 
related  physical  and  biological  sciences  who,  by  virtue 
of  special  studies  and  training,  hasacquired  competence 
in  iixlusiTia]  hygiene  Such  special  stixiies  and  training 
must  have  bem  sufficient  in  all  of  the  above  cognate 
scienoestoprovidelheabilities:(l)torecx)gnizetheenviron- 
mental  factors  and  to  understand  their  effect  on  man  and 
his  well-being;  (2)  toevaluate,on  thebasisof  experieiKe 
and  with  the  aid  of  quantitative  measurement  tech¬ 
niques,  the  magnitude  of  these  stresses  in  terms  of 
ability  to  impair  man's  health  and  well-being;  and  (3)  to 
prescribe  method.^  to  eliminate,  control,  or  reduce  such 
stresses  when  necessary  to  alleviate  their  effects.”*^’ 

To  meet  the  scope  of  the  definition,  a  fiilly  competent 
industrial  hygienist  requires  an  interdisciplinary  edu¬ 
cation  covering  not  only  the  basic  sciences,  toxicology, 
ergonomics,  and  physiology  but  also  real-world  expe¬ 
rience  with  people  and  the  occupational  hazards  they 
encounter  daily.  Army  industrial  hygienists  are  gen¬ 
eralists;  when  they  couple  their  scientific  knowledge 
with  the  art  of  industrial  hygiene,  they  perform  true 
preventive  medicine  in  the  army:  eliminating  hazards 
before  they  cause  harm.  In  this  chapter,  the  term 
industrial  hygienist  denotes  a  qualified  professional; 
the  broader  term  industrial  hygiene  personnel  includes 
members  of  the  profession  and  supporting  technical 
personnel  (technicians).  The  U.S.  Army’s  military 
industrial  hygienists  are  either  Environmental  Science 
Officers  (68N)  or  Sanitary  Engineers  (6SP);  army  civil¬ 
ian  industrial  hygienists  are  classified  by  the  Office  of 
Personnel  Management  (OPM)  as  genera!  schedule 
(GS)  690  or  general  manager  (GM)  690;  industrial 
hygiene  technicians  are  classified  in  the  genera!  OPM 
series  as  CS  640,  Health  Aide  and  Technician. 


HISTORY 


TheU5.  Army  became  seriously  involved  in  indus¬ 
trial  hygiene  during  World  War  I,  when  workers  in 
military  gas-mask  manufacturing  plants  needed  pro¬ 
tection  not  only  from  chemical  agent  gases  but  also 
from  typical  industrial — chemical  and  physical — haz¬ 
ards:  varying  (and  various)  gas  concentrations,  sol¬ 
vents,  dust,  and  noise.^  Both  government-  and  con¬ 
tractor-operated  factories  received  industrial  hygiene 
evaluations  from  the  army  during  World  War  I,  but 


those  efforts  continued  only  until  the  war's  end. 

During  the  rapid  expansion  of  war  materiel  produc¬ 
tion  in  the  late  1930s,  the  army's  chief  of  ordnance 
requestedmedkalcarefordvilianworkers.  Thesurgeon 
geiieral  of  the  army  responded  by  providing  the  medical 
care  for  hundreds  of  thousands  of  ordnaiKe  workers. 
However,  full  identification,  evaluation,  and  control  of 
worksite  health  hazards  was  not  empiiasized  until  the 
Uruted  States  became  involved  in  World  War  II.^ 
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Soldiers  who  operated  the  weapons  systems  and 
who  were  exposed  to  potential  hazards  of  the  ord¬ 
nance  itself  also  received  support  from  the  Army  Medi¬ 
cal  Department  (AMEDD).  An  interdisciplinary  team 
of  physicians,  engineers,  and  sdentistsat  the  Armored 
Force  Medical  Research  Laboratory,  formed  in  early 
1942  at  Fort  Knox,  Kentucky,  did  pioneering  work  on 
heat  stress,  exposure  to  toxic  gas  from  weapons  firing, 
the  relationship  of  fitness  and  fatigue  to  performance, 
ergonomics.and  human  factors  engineering.  Working 
in  cooperation  with  other  health  professionals,  indus¬ 
trial  hygienists  studied  equipment  systems,  predicted 
potential  hazards,and  formulated  protectiveresponses, 
as  the  following  examples  from  that  era  demonstrate: 

•  Because  dehydration  had  decreased  their  abil¬ 
ity  to  function,  a  tank  crew  in  the  Pacific  theater 
failed  to  engage  the  enemy,  even  under  the 
pressure  of  war.’  Industrial  hygienists  did  not 
respond  to  the  actual  medical  event— in  this 
example,  treating  soldiers  suffering  from  de¬ 
hydration.  The  role  of  industrial  hygienists 
included  attempting  to  predict  and  preempt 
the  hazard.  For  dehydration  from  heat,  in¬ 
creased  water  intake  based  on  predicted  need, 
not  on  thirst,  is  one  of  several  techniques  used 
to  protect  stMdiers  and  prevent  performance 
degradation.  Others  include  increased  airflow 
with  cooler  or  drier  air  to  cool  by  convection 
and  evaporation,  and  enforcing  work-rest 
cycles  to  reduce  metabolic  heat  loads. 

•  General  officers  were  convinced  to  support 
tank  gun  ventilation  by  having  them  act  as 
gunner  and  loader  tn  a  test-firing  of  75-mm 
shells  in  an  M-4  tank.  After  four  of  the  planned 
10  rounds  had  been  fired,  the  ammonia  levels 
reached  400  ppm.  The  generals,  weeping  copi¬ 
ously  and  ready  to  quit  the  test,  realized  first¬ 
hand  the  importance  of  exhaust  ventilation: 

The  M-4  lank  of  1942  had  no  ventilation  pro¬ 
vided  to  specifically  meet  the  needs  of  the 
crew.  Enginc<ooling  air  was  drawn  nto  the 
turret  and  through  a  heat-exchanger  to  the 
cnginecompartment.  But  in  a  stationary  tank 
wi»h  the  engine  not  operating,  the  men  re¬ 
ceived  noexchangeair.  Since  the  7>mm  gun 
released  considerable  carbon  monoxide  and 
ammonia  as  the  gun  breech  opened  after 
firing,  there  was  a  clear  toxic  gas  hazard  that 
needed  to  be  corrected.  This  had  not  been 
done,  i  think,  because  it  was  usual  to  practice 
gun-fire  with  the  turret  hatch  open.... 
ISIysfematic  measurements  of  carbon  mon¬ 
oxide  and  ammonia  concentrations  under 


various  conditions  of  firing  gave  convincing 
proof  of  the  hazard.  This  led  to  development 
of  a  compact  fan  to  provide  the  necessary 
exhaust  ventilation.  TTie  report  recommend¬ 
ing  installation  of  such  fans  {had  previously 
been  disapproved!  on  the  grounds  that  the 
tank  already  had  too  many  gadgets!'*’’’*' 

During  the  laboratory's  3  years  of  operation,  re- 
searchersat  the  Armored  Force  Medical  Research  I,abo- 
ratory  produced  130detailed  reportsof  this  natureand 
recommended  many  improvements  to  reduce  potential 
adx'erse  health  effects  and  therefore  improve  the  sol¬ 
diers'  fighting  capabilities.  This  laboratory  heralded 
AMEDD's  current  interest  in  the  interdisciplinary 
medical  consideration  of  the  human  component  first 
during  the  design  and  development  of  army  systems.*’ 

In  October  1942,  the  Department  of  the  Army  (DA) 
established  the  U.S.  Army  Industrial  Hygiene  Labora¬ 
tory  at  The  Johns  Hopkins  University  to  conduct  occu¬ 
pational  health  hazard  surveys  and  investigations  in 
army  industrial  plants,  arseiials,  and  depots.*"'  Work¬ 
ers  at  these  facilities  had  potentially  hazardous  expo¬ 
sures  to  militarily  unique  and  common  maintenance 
operations  at  their  worksites.  This  new  laboratory 
concentrated  on  four  technical  and  scientific  areas: 
field  surv'ey,  chemical  sampling  analysis,  engineering 
design,  and  medicine  and  toxicology. 

Throughout  World  War  11,  personnel  at  the  U.S. 
Army  Industrial  Hygiene  Laboratory  developed  and 
applied  industrial  hygiene  technology  to  the  new  and 
greatly  expanded  army  operations.  While  the  Indus¬ 
trial  Hygiene  field  Surv'eys  Section  did  its  work  at  the 
production  and  repair  plants,  the  Chemistry  Section 
developed  new  and  improved  methods  to  sample  and 
analyze  worksite  hazards,  the  Engineering  Design  and 
Development  Section  conceived  innovative  controls 
forindustrial  hazards,and  the  Medical  Section  became 
more  involved  in  toxicological  evaluation  of  fungi¬ 
cides,  insecticides,  repellents,  flame  retardants,  and 
other  items  with  military  and  industrial  applications. 
The  Industrial  Hygiene  Field  Suiveys  Section  and  the 
Engineering  Design  and  Development  Section  of  this 
laboratory  are  the  specific  forerunners  of  today's  U.S. 
Army  Industrial  Hygiene  Frogram. 

The  Industrial  Hygiene  field  Surveys  Section  used 
early,  portable,  direct-reading  instruments  to  deter¬ 
mine  carbon  monoxide  and  benzene  exposure  levels. 
When  potentially  hazardous  exposures  at  production 
facilities  involved  particulate  matter  such  as  toxiedusts 
or  vapors  from  chlorinated  solvents,  theseearly  indus¬ 
trial  hygienists  collected  air  and  bulk  samples  to  be 
analyzed  by  the  Chemistry  Section.  They  developed 
the  principle  that  recommendations  to  control  hazard- 
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ous  exposures  had  to  be  as  practical,  fully  described, 
and  inexpensive  as  possible,  and  could  interrupt  nei¬ 
ther  operations  nor  individual  productivity.®  Simple, 
Iow<ost  control  tactics  to  reduce  the  number  of  people 
exposed  evolved  from  this  principle:  physically  mov¬ 
ing  all  personnel  unrelated  to  the  operation  to  other, 
less  hazardous  locations;  isolating  essential  opera¬ 
tional  personnel  from  the  hazards  (by  enclosing  the 
operations);  and  using  less  hazardous  techniques  such 
as  \vet  grinding  or  sanding  to  keep  airborne  toxic  dust 
levels  low. 

Because  most  situations  required  some  additional 
exhaust  ventilation,  the  Engineering  Design  and  De¬ 
velopment  Section  prepared  original desigirs, reviewed 
the  Field  Surveys  Orion's  ventilation  proposals,  and 
conducted  performance  tests  of  existing  ventilation 
systems.  Much  of  the  work  involved  controlling  car¬ 
bon  monoxide  from  internal  combustion  engines,  fir¬ 
ing-range  lead  fumes  and  dust,  metal  fumes  from 
welding  operations,  toxic  pigments  from  spray  finish¬ 
ing,  pneumoconioses-producing  dusts  from  abrasive 
blasting,  acid  mists  from  plating,  and  solvents  from 
degreasing.®  Interestingly,  over  60%  of  the  exposures 
studied  were  in  these  categories. 

Ammunition  loading  plants — whereopen  handling 
of  very  toxic  explosives  was  commonplace — were  the 
most  ^zardous  facilities  that  thelaboratory  personnel 
evaluated.  Workers  routinely  handled  compounds 
such  as  trinitrotoluene;  amatol;  psntolile;  tetryl;  RDX 
(research  department  explosive,  also  called  qtclonitc. 
hexahydro-l,3,5-irinitro-13r5-triazine);  lead  oxide; 
mercury  fulminate;  and  nitroglycerine.  In  high-explo- 
sives  and  chemical  manufacturing  plants,  workers 
were  also  exposed  to  adds,  nitrocellulose,  diphenyl- 
amine,  and  ethyl  alcohol;  andatarsenalsand  ammuni¬ 
tion  depots,  to  solvents,  paints,  and  chemicals  related 
to  the  repair,  mainteiuince,  and  renovation  of  ord¬ 
nance  materiel.  Although  these  early  army  industrial 
hygienists  were  certainly  concerned  about  the  very 
hazardous  explosives  compounds,  relatively  few  ac¬ 
tual  exposures  to  toxic  explosives  occurred.  Much  of 
the  credit  for  this  rests  with  the  representatives  from 
the  Office  of  The  Surgeon  General  assigned  to  the 
Safety  and  Security  Division,  Office  of  the  (Thief  of 
Ordnance,  who  ensured  that  the  public  health  aspects 


of  worker  protedion  were  U.S.  Army  policy.® 

When  compared  to  World  War  1,  fatalities  caused 
by  occupational  diseases  were  extraordinarily  low 
during  World  War  11.  Tt  fact  that  industrial  hygiene 
personnel  identified  hazards  and  recommended  con¬ 
trol  requirements  undoubtedly  played  a  significant 
role  in  reducing  the  rates.  In  968,000  man-years  of 
operations  in  explosives  manufacture,  there  were  only 
28  occupational  disease  fatalities:  22  from  trinitrotolu¬ 
ene,  3  from  oxides  of  nitrogen,  2  from  carbon  tetrachlor¬ 
ide  and  1  from  ethyl  ether.  This  was  a  rate  of  .03 
fatalities  per  1 ,000  man-years,  or  r  vedeaths  per  billion 
pounds  of  explosives  produced.  In  addition,  there 
were  2.4  lost-time  general  illness  and  dermatitis  cases 
per  1,000  man-years  of  operations.  Dermatitis  ac¬ 
counted  fortwo-thirdsof  lost-time  cascs,and  themore 
serious  systemic  illnesses  had  a  rate  of  0.8  cases  per 
1 ,000  man-years  of  production.  However,  these  rates 
were  "only  a  small  fraction"®'’’''’^of  the  World  War  I 
experience.  The  44  members  of  the  Army  Industrial 
Hygiene  Laboratory  helped  achieve  such  low  rates  of 
occupational  illness  during  World  War  11  th.at  they 
firmly  established  the  utility  of  industrial  hygiene  and 
occupational  medicine  in  the  army. 

The  US.  Army  Environmental  Hygiene  Agency 
(USAEHA),  which  operates  31  diverse  occupational 
and  environmental  health  mission  programs,  evolved 
from  this  small  World  War  II  laboratory.  As  installa¬ 
tion-level  industrial  hygiene  operations  became  rou¬ 
tine  and  shifted  to  the  medical  units — such  as  Medical 
Department  Activities  (MEDDACs)  and  Medical  Cen¬ 
ters  (MECCENs) — that  provide  installation  medical 
support,  the  USAEHA  concentrated  more  and  more 
on  highly  specialized  hazards  such  as  chemical  agent 
demilitarization,  ammunition  production,  and 
healthcare-facility  operations.  The  USAEHA  also 
developed  a  consultant  role  in  defining  arid  respond¬ 
ing  to  industrial  hygiene  issues  having  armjnvide 
impact,  such  as  determining  the  medical  requirements 
for  respiratory  protective  equipment  in  militarily 
uniqueenvironments,  and  developing  many  technical 
and  draft  policy  documents  for  new  or  changing  haz¬ 
ards  (eg,  composite  materials  like  Kevlar,  asbestos  use 
and  disposal,  lead  hazards,  and  cumulative  trauma 
disorders). 


THE  INDUSTRIAL  HYGIENE  PROGRAM 


The  US.  Army  Occupational  Safety  and  Health 
Program  is  divided  at  the  DA  level  into  occupational 
safely  and  occupational  health.  The  US.  Army  (Occupa¬ 
tional  Safety  Program,  (defined  in  Army  Regulation 
lARl  385-10,  The  Army  safety  Program'^  is  structured 


along  Major  Army  Command  (MACOM)  lines  and  is 
executed  by  MACOM  safety'  and  operating  personnel 
at  the  MACOM  and  installation  levels.  The  US.  Army 
Occupational  Health  Program  is  a  medical  program 
(defined  in  AR  40-5,  Preventive Medicine'°)  that  is  stnic- 
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1.  U.S.  Army  Environmerttai  Hygiene  Agency  HSC  Subcommand;  The  Surgeon  General  has  direct  tasktogautticrity 

2.  USAEHA  and  U.S.  Army  saiety  Center  provide  army-tevettechnica]  support  worldwide 

3.  MEOCEN/MEOOAC  support  all  installations  and  units  in  their  geographical  area 

,4.  MEOCEN/MEOOACoccupationa]  hearth  support  al  units  in  the  MEOOAC/MEOCEN  area 
5.  Installation  Director  of  Heatth  Services  support  provided  by  A^HpOAC/MEDCEN 

*  Although  medcal  commands  outside  the  continentat  United  Sn^fOCONUS)  are  in  other  organizational  patterns,  they  have  sir.iilar 
medical  report  resportsMibes  tor  their  overseas  areas 

Fig.  4-1.  Organizational  relationshipsbetween  the  US.  Arm/sOccupational  Health  Program  and  various  installations.  Red: 
The  Department  of  the  Army  (DA)  staffs  develop  army  policy  related  to  occupational  safety  and  health.  Blue:  The  Major 
Army  Commands  (M.ACOMs  )are  operating  commands  that  follow  DA  policies,  during  their  operations,  that  help  ensure 
that  their  personnel  follow  safe  and  healthful  work  practices.  Health  Services  Command  (HSO  also  has  additional 
resporisibility  to  provide  medical  support  for  the  other  MACOMs  and  their  installations.  That  medical  support  includes 
providing  industrial  hygiene  and  occupational  healthcare  services.  Orange:  The  US.  Army  Environmental  Health  Agertcy 
and  US.  Army  Safety  Center  (USAfiO  act  to  develop  depth  and  focus  for  the  DA's  occupational  safety  and  health  policies. 
They  draft  new  policies  for  DA  staff  coordination;  help  the  MACOM  implement  the  approved  policies  through  consultation 
and  technical  guidance;  and  perform  oversight,  investigation,  survey,  and  study  missions.  Gicetu  The  various  MACOM 
staffs  work  their  respective  safety  and  health  issues  for  the  MACOM.  In  addition,  the  HSC  preventive  medicine  staffs  also 
oversee  the  occupational  health  support  provided  to  theother  M  ACOMsby  HSCs  medical  centers  (MEDCENs)and  medical 
acti'/ities  (MEDDACs).  Yellow:  Installation  and  tenant  unit  commanders  and  supervisors  are  respoasible  for  the  occupa¬ 
tional  safety  and  health  of  their  personiK;!.  Tan:  The  installation  unit  safety  staff  and  the  MEDCEN-MEDDAC  occupational 
health  personnel  assist  commanders  and  supervisors  to  meet  that  responsibility.  The  installation  Director,  Health  &rvices, 
is  an  installation  staff  position  filled  as  an  addit:or.aI  duty  by  a  MEDCEN  or  MEDDAC  physician.  This  medical  officer 
provides  advice  to  the  installation  commander  regarding  all  medical  issues  affecting  the  post. 
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tured  along  medical  command  lines  and  executed 
piimarilybyMEDDACandMEDCEN  personnel,  who 
support  ail  MACOMsand  their  installations  (Rgure4- 
1).  The  list  of  the  primary  documents  that  form  the 
legal  and  regulatory  basis  of  the  army's  Industrial 
Hygiene  Program  is  shown  in  Table  4-1. 

Within  the  Occupational  Safety  and  Health  Pro¬ 
gram,  the  assigned  responsibilities  for  occupationai 
safety,  industrial  hygiene.-and  occupational  healthcare 
are  not  easy  to  separate;  each  area  of  responsibility  has 
proponents  and  supporting  participants,  and  thereare 
interrelationships  at  several  points  (figure  4-2).  The 
occupational  health  portion  of  the  program  is  divided 
into  two  main  functional  areas:  industrial  hygiene  and 
occupalional  heallhcare  (which  includes  both  medicine 
and  nursing).  Although  the  control  of  worksite  health 


hazards  is  the  primary  mission  of  industrial  hygiene,  it 
also  supports  >..ccupational  healthcare  personnel  by 

•  qirantitatively  defining  the  level  of  worksite 
exposures  to  hazardous  materials,  allowing 
clinic  persormel  to  (a)  make  informed  patient- 
care  decisions  regarding  medical  surveillance 
and  (h)  target  the  hazards  most  likely  to  cause 
health  effects  on  workers; 

•  recommending  controls  for  existing  hazards, 
which,  when  implenrented,  can  eliminate  or 
greatly  reduce  medical  surveillance  require¬ 
ments;  and 

•  cperatir^  the  Health  Hazard  Information  Modtde 
(HHIM)  of  the  Occupational  Health  Management 
Information  System  (OHMIS),  a  comprehensive 


TABLE  4-1 

REGULATORY  BASIS  FOR  AN  INDUSTRIAL  HYGIENE  PROGRAM 


Regulation 


Description 


The  Oocuptional  Safety  arid  Health  Act  of  1970,  OSHAct,  the  basic  law  that  requires  safe  and  healthful  working 

Pub  L  No.  91-596  conditions  for  working  men  and  women 


Occupational  Saf^  and  Health  (OSH)  Program  for 
Federal  Employees, 

Ercec  Order  No.  12196, 26  February  1980 


Order  that  applies  OSHAct  staixiards  to  all  agetKics  of  the 
executive  branch  except  military  persormel  and  militarily  unique 
situations  arvi  equipment 


Basic  Program  Elements  for  Federal  Employee  OSH 
Programs  and  R^ted  Matters, 

29  CFR,  Part  1960,  rev.  1  July  1987 


Regulation  to  provide  OSH  Programs  for  federal  employees 
promulgated  by  the  secretary  of  labor  as  recjuired  ^  Exec  Order 
No.  121% 


Safetj'  and  Occupational  Health  Policy  for  the  DoD,  DoD  Instruction  that  recjuires  adhererwe  to  05HA  regulations 

DoDI  lOOOJ,  29  March  1979 


IDoD  Hazard  Ccrmmunicatkm  Program,  DoD  Instruction  that  prescribes  policy  and  practices  fora  compre- 

DoDI  60505, 29  March  1990  hensive  DoD  Hazard  Communication  Program 


DoD  Occupational  Safety  and  Health  Program,  DoD  Irrstruction  that  provides  policy,  prcxedures,  arrd  responsi- 

DoD160S.l,26OctobCT  1984,  rev.  11  April  1989  bilities  fern  administration  of  a  comprehensive  DoD  OSH  Program 
and  15  August  1989 


Itxlustria!  Hygiene  arrd  OocupatkHial  Health  Program,  DoD  litsiructton  that  establishes  uniform  procedures  for  recognizing 
DoDI  60555, 10 January  19^  and  evaluating  health  risks  associated  with  chemkal,  physical,  or 

biological  stresses  at  DoD  woricsites 


Army  Safet)'  Program, 

AR  385-10,*  23  June  1988 


Army  Regulatkm  that  implerrrents  safety  requirements  of  federal 
and  defense  regulations 


Preventive  Medicine, 

AR40-5,*  19  June  1985 

Army  Industrial  Hygiene  Program, 
TB  MED  503,’  1  February  1985 


Army  Regulation  that  implements  cxcupational  health  requirements 
of  federal  ai>d  defease  regulations 

Bulletin  that  explams  the  organization  atrd  responsibilities  of  the 
industrial  hygiene  portion  of  the  Army  Occupational  Health 
Prtjgram 


*Kcy  documents  for  army  iiutallatiots 
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Industrial  H^pate 


Occupational  Health 


Industrial  Hygiene 


Occupational  Healthcare 


H 

Worksite  Aspects 
of  Occupational  tXness 
oriniury 

Patient  (^Aspects 
of  Occupationat  IVness 
ofli^oty 

V  ....  ......  V? 

\  .......  . 

(CtmtcM.  PhflKtL  ofBiologictt 
HMzmiyx/tetorytnaSuriry) 


(tbacalSunmemtana 

anassAtatnatUonUring) 


Education 
Pregnancy  SurveSance 
Oocupaliona!  Vision 
Imnuiizations 
Hearing  Conservation 
Epidemioiogy 


OS&H 


OH 


OS&H 


OH 


Responsibilities 

OS 

IH 

OHc 

1  Responsibilities 

os 

IH 

OHc 

Safety  and  health  program  coordination 

p 

P 

P 

j  Medkal  surveillance 

R 

S 

P 

Occupational  safety  functions 
of  AR  383-10 

p 

R 

R 

1  Health  education 

1  Hearing  conservation 

R 

P 

P 

R 

P 

P 

29  CFR  1960  requirements  (SAOSHI) 

p 

P 

P  1 

1 

Occupational  vision 

R 

P 

P 

Personal  protective  equipment 

p 

P 

P 

i 

t 

i  Medical  treatment 

R 

S 

P 

Ergonomics 

s 

P 

S 

Pregivapcy  surveillance 

R 

p 

P 

Epidemiology 

R 

P 

P  1 

Immunizations 

R 

p 

P 

Inventory  of  chemkai,  biological, 
and  physical  hazards 

R 

P 

K  i 

I 

1  Illness  absence  monitoring 

S 

s 

P 

IH  surveys 

S 

P 

S 

1  Hazard  communication 

i 

P 

s 

s 

OSIdi;  Occupitioiul  Safety  4nd  Hcailfc  OH:  Ocrupatjona]  Health;  OS:  Occupatscna)  Safety;  IH:  Indistrial  Hygiene;  CKc  OeevpaHona) 
Heahhcaie  (induOes  medidne  and  mining) 

P:  Has  pfimaiy  responsibilities;  S:  Provides  support'  PjRefmal 


Fig.  4'2.  Occupational  htialth's  two  major  components — industria!  hygiene  and  occupational  healthcare— provide  medical 
support  to  an  installation  and  its  tenant  units  through  the  worksite  and  patient-care  aspects  of  the  Occupational  Health 
Pro^ntTheStandard  Army  OccupstionalSafetyand  Health  Inspection  (SAOSHI  (CFR  1960I)spedties  that  both  command 
and  supervisory  personnel  (the  Oc^pational  Health  Program-installation  interface)  be  involved  with  issuing  and  assuring 
the  correct  use  of  personal  protective  equipment  (PPH);  communicating  the  hazards  of  a  worksite  to  the  operators  (hazard 
communication);  participating  in  the  annual  worksite  inspections;  and  performing  other  related  actixilies  in  coordination 
with  supporting  occupational  safety,  industrial  hygiene,  and  healthcare  personnel.  Usually,  commanders  designate  their 
own  safety  officers  to  work  with  the  supporting  medical  unit  to  coordirtate  accomplishment  and  oversight  of  a  comprehen¬ 
sive  program  xvith  the  participation  of  supervisorsand  supporting  medical  units.  Hie  various  safety  and  occupational  health 
program  participants  are  responsible  for  performing  their  own  primary  missions,  supporting  other  participants,  and,  at  a 
nunimum,  ensuring  that  infornution  regarding  hazards  is  referred  for  action. 
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healthdatabasethatprovidesexposuieand  other 
worksite  data  tooccupational  h^tltcare  person¬ 
nel  in  an  easily  accessible  and  usable  form. 

Furthermore,  the  missions  of  occupational  safety 
and  occupational  health,  especially  the  industrial  hy¬ 
giene  portion,  appear,  on  the  surface,  to  be  similar. 
Confusion  frequently  exists  as  to  where  their  mission 
responsibilities  and  primacy  lie.  The  primary  differ¬ 
ences  behveen  their  missions  are  that 

•  occupational  safety  personnel  are  mainly  con¬ 
cerned  with  the  prevention  and  control  of  trau¬ 
matic  injury  to  personnel,  and  with  accidents 
that  result  in  loss  of  materiel;  whereas 

•  industrialhygienistsaremainlyconcemedwith 
factors  at  the  worksite  that  cause  chronic  or 
acute  illness,  disease,  or  injury  to  personnel. 

In  most  instances,  the  distinction  is  clear.  For  ex¬ 
ample,  an  overhead  crane  that  drops  a  load  of  lumber 
and  injures  several  people,  or  a  shorted  electrical  cir¬ 
cuit  that  causes  a  building  fire  and  electrical  bums  to 
personnel  are  both  occupational  safety  issues.  Occu¬ 
pational  safely  personnel  would  focus  on  the  cause 


and  prevention  of  these  accidents.  But  a  welder's 
increased  body  burden  of  lead  from  exposure  to  fumes 
from  metal  coated  with  lead-containing  paint,  or  a 
painter's  allergic  sensitization  and  respiratory  distress 
after  exposure  to  epoxy  resins  and  isocyanate  com¬ 
pounds  in  chemical  agent  resistant  coatings  (CARCs) 
are  industrial  hygiene  issues. 

The  two  missions  intersect  where  there  are  dual 
medical  and  safety  responsibilities.  Some  situations 
have  both  traumatic  injury  and  systemic  components. 
For  example,  if  acid  bubbles  out  of  a  lead  acid  battery 
on  high  charge  and  bums  a  worker's  unprotected 
hands,  that  is  an  occupatiorral  safety  issue;  however, 
the  worker's  inhaling  ^e  acid  mist  that  forms,  and  the 
consequent  respiratory  illness,  are  industrial  hygiene 
and  occupational  healthcare  issues. 

Personal  protective  equipment  (PPE)  also  involves 
dual  medical  and  safety  responsibilities  (see  Figure 
4-2).  For  example,  the  issue  and  use  of  respiratory 
protective  equipment  has  traditionally  been  the  do¬ 
main  of  supervisors  and  occupational  safety  person¬ 
nel.  However,  selecting  the  proper  respirator  requires 
a  detailed  industrial  hygieneexposureevaluation,and 
the  potential  user  must  be  medically  evaluated  before 
being  required  to  wear  a  respirator. 


RECOGNIZING  HAZARDS 


Effective  industrial  hygiene  personnel  know  and 
follow  all  the  potentially  hazardous  operations  on  an 
installation.  They  must  begin  to  learn  as  much  as 
possible  about  an  installation  and  its  industrial  opera¬ 
tions,  processes,  and  possible  hazards  as  soon  as  they 
arrive,and  constantly  trackany  changes.  Thedevelop- 
ment  of  this  knowledge  base  will  allow  them  to  nrake 
valid  comparisons  and  decisions  about  changes  to  any 
of  the  operations. 

Sources  of  Information 

Industrial  hygienists  can  gain  information  about  an 
iirstallation  from  (a)  the  HHIM;  (W  injury  reports  and 
complaint  logs  from  clinJcs;  (c)  chemical  inventories 
and  chemical  purchase  requests;  and,  certainly,  (d) 
referral  from  safety  personnel,  union  representatives, 
supervisors,  and  individual  workers.*'"'*  The  indus¬ 
trial  hygicmist  maintains  the  HHIM,  a  database  of  in¬ 
formation  about  operations  collected  from  the  local 
installation,  the  USAEHA,  or  contractor  surveys  of 
worksites.  The  database  can  be  used  to  generate 
virtually  any  type  of  report  required  to  define  existing 
conditions.  Industrial  hygiene  persontrel  develop  and 
maintain  an  up-to-date  HHIM  using  forms  that  con¬ 


tain  the  pertinent  information  regarding  the  opera¬ 
tion,  its  personnel,  and  thepotentialhazards(Figure4-3). 

Injury  and  complaint  logs  from  clinics,  emergency 
roorrrs,  and  duty  officers  also  provide  industrial  hy¬ 
gienists  with  records  of  potentially  hazardous  loca¬ 
tions  for  sur\'t:ys.  Chemical  inventories  and  chemical 
purchase  requests,  especially  for  newly  introduced 
chemical  com]X>unu>,  are  excellent  and  frequently 
overlooked  sources  of  information  concerning  new  or 
changed  industrial  processes  or  worksite  operations. 
Hazard  communication  training  and  media  reporting 
have  increased  the  level  of  awareness  of  potential 
hazards  from  occupational  exposures:  installation 
safety  personnel,  union  representatives,  supervisors, 
and  individual  workers nowoftcn refer  potenlialprob- 
lem  situations  to  industrial  hygienists  for  survey. 

Knowledge  of  the  Installation 

In  addition  to  these  sources  of  information,  the 
industrial  hygienist  must  become  familiar  with  the 
particular  installation's  mission,  the  operations  that 
support  the  mission,  and  the  supervisors  and  produc¬ 
tion  workers  who  compose  the  workforce.'*  *’  The 
intimate  knowledge  required  is  gained  only  through 
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Figure  4-33 


HEALTH  HAZARD  INFORMATION  MODULE:  INDUSTRIAL  HYGIENE  SURVE\ 


'  For  use  o(  INs  IcrniL  SM  HHM  Umc's  Guide 
SECTION  1.  DEMOGRAPHIC  DATA 


ARLOC 

53456 

INSTALLATION  BLDG/RM  NO. 

FC.  Lewis  351 6 /Bay 

LOCATIONCODE 

Vehicle  naincenance  /  CS 

OPERATIONAXIDE 

Bra Ics  Repair  /  BfCR 

SuflVeVDAiE 

910401 

EVALUATOR  (Initials) 

TTY 

MACOMAXlOE 

FORSCON  /  FC 

SU6MAC0M/C00E 

N/A 

.SUPERVISOR 

CIY3  Fxxxx 

TELEPHONErtJSN  NO. 

DSN  584-9113 

UNTT/ORGANIZATION 

DEH  /  Not or  Pool 

RAC 

3 

FREQUENCY  (DfS/lJay) 

8 

NO.  CIV(S)  NO.  MIL 

3  0 

NO.  CONTRACTOR(S) 

N/A 

NO.LOC{S) 

N/A 

NO.6TVIER 

N/A 

LAB  HOODS 


SECTION  2.  FACIUTY  DATA  | 
I  VAPOR  DEGREASERS 


SPRAY  BOOTHS 


I  MAINTENANCE  BAYS 
6 


CONTROLS  PRESENT 


OPEN  SURFACE  TANKS 


VENTILATION  UNITS 


I  SECnON  a  SURVEY  DATAl 
EVALUATION  I  UNir  COOEl  CONTROLS  REQUIRED 


STATUS 


LEV 


50 


FPM 


150  FPM 


UNCON 


PERSONAL  PHOTECnVE  EQUIPMENT  (R  =  REQUIRED;  U  =  UTILIZED) 


GLOVES 


RAl 


RESPIRATOR 


NIOSHTCNO. 


MANUFACTURER 


HOI 


MX 


AMJHE 


CCLOSUWACES 


ABHASIVEBLASnwOHOOO 


HOTSUBFACES 


CtSPOSABlE 


None 


3M 


I  X 


nbsagehts 


FUU  face  MR  PURiFYmO 


01. 


XiX 


IS  FACE  AH  FvnFYWG 


SOLVENTS 


POWDEREQ  AIR  PURTYING 


SURGICAL  GLOVES 


If*  FACE  AIR  PURrYWG 


SELFCONTAWEO 


EYES/FACE  RAJ _ gARING, 


WU 


.Bflgl. 


nu 


RiU 


CHB«CAI.SPLAS»  / 


canal  CAPS 


APB0>S 


COLO  INEATMER  BOOTW  ATS^ 


FULLFACESHCLd  ; 


earplugs 

«LMtTS 


>:'A1 


cots  wEAnen  CLOT>«io 
ddviRAiLS 


HARO  HATS 

MPt«&Sikh65fr 


CHEUCAl.'SAFETt  / 


SAFETYiWACT 


A'/Al 


MUFFS 


T> 


FULL  BOOT  SUT 


SAFETYICONCUCTIVE  SHOES 


XlX 


waOMOHEUdl  / 


MUFF/EARPiUO  COMBO 


rCATREFUCnilEVSST.'SUT  / 


SAFETTMONCOWMCnvE  SMOEM 


MJFF«ARnjO«tTMElMn  '  I  SAFETY  BELTIHARNES3 


AEHA  FORM  271-R  (TEST),  1  JAN  92 


(HSHB4H4) 


Rg.  4-3a-c  These  five  pages  ate  facsimiles  of  the  documents  used  to  conduct  a  typical  industrial 
hygiene  survey  using  the  Health  Hazard  Information  Module  (HHIM)  database.  The  hypothetical 
data  in  Section  3,  Survey  Data,  show  that  local  exhaust  rates  are  below  standard,  that  noncertified 
re.Tpiratory  protective  equipment  has  been  used,  and  that  hearing  protection  is  required  and  used. 
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Figure  4-33  (continued) 


2 

Fig.  4-3a.  This  hypothetical  survey  identified  three  civilian  workers — ^John  F.,  Mike  F..  and  Keith  W.  (Section  5,  Personnel 
Data) — who  were  exposed  to  asbestos  ( Amosite  and  Chrysolile)  and  continuous  noise  from  brake-repair  operations  (Section 
4.  Hazard  Inventory  Data).  This  operation  has  received  a  high-priority  action  code  (PAC-1)  for  asbestos  sampling  and 
evaluation,  and  a  moderate  code  (PAC-2>  for  noise  survey.  The  exposure  potential  codes  (EPCs)  show  occupational 
healthcare  personnel  that  the  asbestos  exposure  is  controlled  (EPC-A)  but  that  surveillance  audiometry  is  required  for  noise 
exposure  over  85  dBA  (EPC-D)  even  though  hearing  protection  is  worn. 
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Figaic4*3b 


l^«XJSTR^AL  HYGIENE  AIR  SAMPLE  DATA  g  fjg  ^UA 

Foe  use  of  this  tom  see  VSAEHA  TG  141;  the  proponent  is  HSHB-LO. 


Ratum  Addraw  (coeplete  address  including  zip  Code) 
USA  MEDDAC 
ATTN:  PM  S'/C-IH 

UA _ gggQJ. 


Sfnplac  Colaclad  By 
Jay  Jxxx 


OtIeColectad 

910401 


OaMSDippad 

910402 


Point  of  Contact  inaae/AUTCVC»f) 
George  Sxxx  DSN  931-4763 


AtsociatM]  Btik  SampiM 
Q  Y«s  □  No 

BufcSamplaNoW: 


Prefect  Number 


SampleO  iraialation 
Ft.  Lewis 


ARU)C 

[um 


Location  (BLDG/ AREA) 

3516  /  Bay  /  GS 


Deecriplion  ol  Operabon  (details  or.  reverse) 
BKR 


□ 


Partont  ExpoMd 


Q  Hr8®ey 


Mclhod  0(  Coi8CtiOf) 

CB  Filter 


AiaociaNd Complaintt  (be  specific)  (state  NONE  if  ai^licablei 

None 


AnalyaiaOeairad 


Aaosite  Asbestos,  Chzysotile  Asbestos 


SatnpingOala 


Sample  No. 

FTLMOl 

FTLW02 

FTLUOl 

PunpNa 

1234 

5679 

B 

L 

A 

N 

K 

■nmeOn 

0730 

0731 

Time  CXI 

1530 

1531 

ToWT)me(min) 

480 

480 

FkmflMtlLPM) 

2.0 

2.0 

Volume  (UlsrtI 

960 

960 

QAtaZ 

PZ 

BZ 

EiiSiloyaeNsffla/S) 

CC$-0t-07i 

Laboratory  No. 

AEHA  1 

AEHA  2 

JiEMA  3 

Raeulis 


Aiaosite  If/cc) 


<  O.OOi  <0.1 


Chrysotile  (f/cc) 


<  0.014  <  0.2 


Cornrnent*  to  Late 


LabUaaOnly 


Anilyst  (initials} 

RaviawadBy  anitsaioi 

Diit  RBOiivid 

OaleDi^ialchad 

KS 

Tt, 

910403 

910404 

AEHA  Form  941.10:184 


(Repiacat  AEHA  Form  9. 1 0ct  80  which  is  obaoMa). 


Fig.  4'3b.  Because  asbestos  is  a  known  carcinogen,  the  imSustrial  hygienist  sampled  the  air  immediately;  no  exposures  in 
exce^  of  the  Iiealth  standards  were  found,  although  the  local  exhaust  did  not  provide  the  generally  recommended  level  of 
control. 
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Figure  4-3b  (continued) 


C3K>FStian  Information 

Pump  No. 

CaSbration  (I7min) 

RotorneterSettins 

Date 

Pre-Use 

Post-Use 

910401 


910401 


Opention 


Source  o(  Contaminant 

Old  brake  lining 


Operation  Employee<s)  Perform; 

Replace  brake  shoe  lining 


Ventilation; 


Name  o(  CaBbrator 

Jay  Jxxx 


0  loca)  Exhaust  □  GensralArea 


Personal  Protective  Equipment  <chcck  a  m>rn! 


FnW  Notea/Mcfiional  Comments 
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Rgu«4-3c 


BULK  SAMPLE  DATA 

Fo'  use  of  this  form  see  VSAEHA  TG  141:  the  proponent  is  HSHB-LO. 


RMuni  Address  Iconplete  address  includinf/  Zip  Code! 
USA  MEDDAC 
ATTN:  FM  SVC-IH 

_ Ff-  .  NA  99S03 _ 


Sampled  Inssalation 
Ft .  Lewis 


Samples  Cotaded  By 

Jay  Jxxx 


PoWolConlaet  inaae/Aurovmi 
George  Sxxx 
DSN  931-4763 


Project  Number 


DateColected 

910401 


Descriplion  oi  Operetiorr 
Brake  re-lining 


ARLOC 


Dale  Shipped 

910402 


Location  i bldg/ area  > 
3bl6/BAY/GS 


AsscciaSed  Ccmplainis  ibe  spccitici 


Associated  Air  Samples 

Qy.,  [Jho 


if  yes,  ist  sample  nurttrers 

FTLWOl,  FTLW02 


Labe!  Information 


Trade  Name 

None 


NSN 


Address 


Manutacturer 


MSDS  Attached 


□ 


No 


Analysis  Desired 

Amosite  and  chrysotile  Asbestos=C 


Lab  Use 
.Onfit _ 


Sample 

No. 


FTLW04 


FTLW04 


Constituenis 


Ariosi  Le 


Chrysotil . 


Resulls 


508 


<  58 


Remarla 


Comments  to  Lab: 


Lab  Use  Only 


AnatySt 

1  DavlwredBy  dnitialsl  1 

Dale  Received 

Date  Dispatched 

RS 

XJ 

910403 

910404 

1  Procedures  Ptrformed 

Comments  I 

TEN 


AEHAFOnn  841,1  Oct  84 


(Replaoes  AEHAFoemO,  1  OctSOwhichisobeoiele} 


Rg.  4-3c  Bulk  samples  were  also  collected  to  characterize  the  types  of  asbestos  ptesenL  The  data  elements  tie  together 
administrative,  exposure,  and  control  information  for  a  particular  date.  The  ability  to  query  the  HHIM  database  allows 
industrial  hygienists  to  focus  key  program  resources  on  h^rds  based  on  ratioiul  criteria  such  as  exposure  levels  in  excess 
of  the  standa^s,  estimates  of  lugh  exposures,  the  numbers  of  personnel  affected,  possible  exposures  to  carcinogens,  and  so 
forth.  The  identification  and  subsequent  quantiBcation  of  hazards  and  exposure  levels  allow  industrial  hygiene  and 
occupational  healthcare  managers  to  aim  their  limited  resources  at  priority  targets. 
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daily  contact  with  the  workforce  at  the  worksite.  Only 
through  frequent  observation  can  industrial  hygien¬ 
ists  see  a  true  picture  of  potential  hazards.  Irregular  or 
infrequent  worksite  visits  are  simple  snapshots;  they 
lead  to  false  impressions  of  exposure  potentials. 

Sources  of  Occupational  Illness 

To  immediately  recognize  p>otential!y  hazardous 
situations  and  sulntances,  industrial  hygienists  must 
be  familiar  with  a  broad  range  of  industrial  operations 
and  processes,  and  know  the  typical  routes  of  entry, 
target  organs,  and  actions  of  ti>e  chemical,  physical, 
and  biological  agents  of  occupational  illness. 

Chemicals 

Chemicals  typically  enter  and  act  on  the  body 
through  (u)  direct  action  on  theskin;  (b)  direct  action  on 
the  respiratory  system;  (c)  systemic  illness  via  expo¬ 
sure  through  skin  contact,  inhalation,  or  ingestion;  or 
(d)  irritant  or  systemic  action  from  the  rare  occurrence 
of  physical  inj^on  of  chemicals  into  thebloodstream. 
Experienced  industrial  hygienists  realize  that  they 
must  «also  be  familiar  with  the  relationship  of  the 
chemical's  route  of  entry  and  mode  of  action  to  the 
operation  and  process  involring  the  chemical,  the 
engineering  controls  and  PPE  available,  the  short-  and 
long-term  exposure  times,  and  the  potential  that  an 
average  worker  will  have  an  adverse  reaction  to  the 
chemical. 

Dermatitis  is  one  of  the  leading  indicators  that 
workers  are  overexposed  to  chemical  hazards.  Indus¬ 
trial  hygienists  who  know  the  typical  classificationsof 
dermatitides  will  be  able  to  recognize  the  signs  of 
chemical  dermatitis  and  link  the  medical  diagnosis  to 
hazardous  operations.''^ 

•  Primary  skin  irritants  cause  direct  injury  after 
sufficient  contact.  Strong  organic  and  inor¬ 
ganic  acids  and  bases  arc  prime  examples  of 
this  group.  Sulfuric  acid  in  automotive  batter¬ 
ies  or  sodium  hydroxide  in  strong  inorganic 
cleaning  solutions,  for  example,  can  cause  seri¬ 
ous  dermal  bums  and  ulcers. 

•  Allergic  sensitizers  do  not  cause  visible  effects 
on  first  contact.  However,  for  some  people, 
after  continued  exposure  even  very  small 
amounts  will  cause  dermatitis  at  the  point  of 
contact  or  even  at  other  parts  of  the  body.  The 
epoxy  resins  found  in  CARCs  are  skin  sensitiz¬ 
ers  commonly  found  on  army  installations. 

•  Drying  agents,  mainly  organic  solvents  such  as 
acetone,  naphtha,  xylene,  and  toluene,  remove 


fats  from  skin,  leaving  it  dry  and  susceptible  to 
cracking  and  secondary  infections. 

•  Occupational  acne  and  other  less  frequently 
seen  dermatitides  such  as  photosensitivity,  neo¬ 
plasms,  and  changes  in  pigmentation  can  be 
associated  with  overexposure  to  petroleum,  oil 
or  grease,  tar,  and  .some  chlorinated  organic 
compounds  such  as  the  chlorinated  phenols. 

The  exchange  of  information  betw'een  the  industrial 
hygienist  and  occupational  healthcare  personnel  is 
useful  w'hen  establishing  other  clinical  diagnoses  like 
occupational  lung  disease,  and  when  identifying 
sources  of  exposure.  Therefore,  industrial  hygienists 
must  be  knowledgeable  about  the  direct  effects  of 
chemicals  on  the  respiratory  system  (eg,  asthma, 
pneumoconioses,  and  somecancers).  These  effects  are 
caused  by  vapors,  gases,  and  aerosols  (ie,  particulates 
suspended  in  a  gas,  usually  air;  smoke  and  dust  are 
solid  aerosols,  whereas  mistand  fog  are//qM/rf  aerosols). 
The  relationship  of  the  health  hazard  to  the  physical 
state  of  the  chemical  is  discussed  in  the  next  section  of 
this  chapter. 

Industrial  hygienists  must  also  be  aware  that  chemi¬ 
cal  changes  cau^  by  human  metabolic  processes  can 
either  toxify  or  detoxify  certain  chemicals,  and  they 
must  be  able  to  make  appropriate  control  recommen¬ 
dations  (Table  4-2). 

The  least  likely  cause  of  overexposure  to  hazardous 
chemicals  is  the  physical  injection  of  chemicals  into  the 
body.  Although  rare,  instances  have  occuned  where 
high-pressure,  compressed  air  from  air  guns  or  spray- 
paint  apparatuses  have  injected  pigments,  solvents, 
and  other  chemicals  through  the  skin  (and  potentially 
into  the  bloodstream)  of  the  worker. 

Physical  Agents 

The  main  physical  agents  of  occupational  concern 
for  the  typical  army  installation-industrial  hygienist 
include  noise,  radiation,  temperature  extremes,  and 
ergonomic  stresses.  Industrial  hygienists  measure 
potential  noise-hazardous  operations;  noise  and  hear¬ 
ing  conservation  are  covered  in  Chapter  7,  Noise  and 
the  Impairment  of  Hearing.  Army  industrial  hygien¬ 
ists  ne^  to  identify  and  list  radiation  hazards  in  the 
HHIM  so  that  occupational  medicine  and  nursing 
personnel  can  schedule  appropriate  medical  surveil¬ 
lance.  However,  health  physics  and  the  evaluation 
and  control  of  nonionizing  and  ionizing  radiation 
have  become  specialized  fields  in  the  army.  Although 
industrial  hygienists  have  radiation  training  and  pro¬ 
vide  user  support,  many  installations  and  medical 
units  have  specialty  Radiation  Protection  Officers  as- 


106 


Industrial  Hygiene 


TABLE  4-2 

ENTRY  AND  ACTION  OF  TOXIC  CHEMICALS  (example  exposures) 


Exposure 

Route  of  Exposure 

Potential 

Health  Effect 

Recommended  Control 

Amalgam  preparation 

Inhalation  of  Hg  vapor 

Dementia 

Enclosed  amalgamation 
preparation 

Local  exhaust 

Waste  control 

Firing-range  cleaning 

Inhalation/ingestion  of  Pb  dust 

Colic 

Palsy 

Encephalopathy 

Anemia 

Respirators 

HEPA  vacuum 

Latraratory  procethues 

Ingestioo/derma!  contact  with 
benzidine  dye 

Bladder  cancer 

Substitute  reagent 

Metal-parts  cleaning 

Inhalation/dermal  contact 
with  ofganic  solvent 

Cirrhosis 

Local  exhaust 

Protective  gloves 

Pest-control  spraying 

Inhalation/dermal  contact 
with  caibaryl 

Depressed  erythrocyte  cholinesterase 

Respirator 

Protective  clothing 

Carbaryi:  (]-napihyl  N-methyl  cartsamate ) 

HEPA:  high-cffkiency  partifulaie  air  filiers,  which  remove  99.97%  of  the  aerosol  particulates  >  03  n 


signed  tododay-to^ayoccupationalsafetyand  health 
workrelated  toradiadon  (sceChapter  15,Nonionizing 
Radiation,  and  Chapter  16,  Ionizing  Radiation). 

The  adverse  effects  of  heat  and  cold  are  concerns  of 
industrial  hygiene  personnel  on  army  installations. 
Soldiers'  field  exposures  are  the  concerns  of  the  sup¬ 
porting  preventive  medicine  unit.  The  US.  Army 
Research  Institute  of  Environmental  Medicine 
(USARIEM)  publishes  results  of  their  investigations 
into  the  effects  of  and  response  to  these  exposures.’*'’* 
Where  temperature  extremes  do  occur,  the  principles 
of  identification,  evaluation,  and  control  are  applied 
using  established  occupational  health  standards. 

The  effects  of  heat  and  cold  are  associated  with  the 
net  heat  balance  between  the  working  environment  and 
the  worker's  normal  body  temperature  (98.6°F  ±1®F). 
The  body's  heat  balance  H,  which  is  usually  measured 
as  either  BTU/hour  or  kcal/hour  in  any  enviroiunent, 
can  be  expressed  in  the  equation 

H  =  (±R)  +  (±C)-i-M-E 

where  R  represents  the  radiant  heat  gained  or  lost,  C 
represents  the  heat  gained  or  lost  through  convection 
(transferred  between  the  skin  and  air),  M  represents 
the  metabolic  heat  gained  from  varying  work  rates. 


and  E  represents  the  evaporative  heat  loss  through 
vaporization  of  sweat. 

Measurement  of  air  temperature,  air  velocities,  ra¬ 
diant  loads  and  humidity,  and  estimates  of  work  rates 
and  clothing  insulation  will  enable  trained  industrial 
hygiene  persoimel  to  evaluate  potentially  hazardous 
heat  or  cold  conditions.  Because  these  enviroiunental 
conditions  are  interrelated,  measurement  tools  were 
developed  thatintegrateseveralof  these  factorsforuse 
in  heat-stress  and  uind-chill  indices  (Rgures4-4and4-5). 
Industrial  hygienists  can  use  these  measurements  to 
determine  hazard  levels  and,  in  conjunction  with  re¬ 
view  of  the  operation,  can  recommend  engineering, 
work  practice,  and  personal  protection  controls.’^'^ 

Ergonomic  stresses  area  recently  expanding  field  of 
interest  for  army  industrial  hygienists  arul  other  pro¬ 
fessionals  such  as  physical  and  occupational  thera¬ 
pists,  occupational  health  nurses,  occupational  medi- 
cinephysicians,at>d  safety  officers.  However,  industrial 
hygienists  evaluate  worksite  hazards  and  have  the 
medical  background  to  appreciate  tire  physiology  and 
anatomy  required  for  ergonomic  evaluation.  Treating 
existing  back  and  repetitive-motion  illnesses  or  train¬ 
ing  personnel  in  proper  lifting  techniques  is  not 
enough;  control  of  ergonomic  ha^rds  at  their  source 


107 


Occupational  Health:  The  Soldier  and  tlte  Industrial  Base 


Fig.  4-4.  This  Reuter  Stokes  RSS-2I4  WiBGeT  Wet  Bulb 
GiobeThermometer  electronically  record.*’  the  wet  bulb,  dry 
bulb,  and  black  globe  temperatures,  then  calculates  a  heat* 
stress  index  that  is  used  to  determine  the  protection  neces¬ 
sary  for  the  stresses  of  excessive  heat  Heat  .stress  is  the 
subject  of  US  Army  Research  Institute  of  Environmental 
Medicine(USARlEM)TechnicalNote91-l,SystiiiKmgHM//h 
and  Perjormance  in  the  Desert,”  which  can  be  consulted  for 
further  information. 


Fig.  4*S.  Potential  heat  loss,  skin  cooling,  and  lower  internal  temperature  can  be  increased  by  air  movement.  The  wind-dull 
index  integrates  windspeed  and  air  temperature  to  estimate  assoda  ted  risk  of  cold  injury.  The  wind<hill  temperature  index 
is  the  equivalent  still-air  (no  wind)  temperature  that  would  produce  the  same  heat  loss  on  bare  skin.  A  full  description  of 
the  medkalaspectsofmilitary  operations  in  the  cold  is  thesul^ect  of  US  Army  Research  Institute  of  Environmental Medidne 
(USARIEM)  Technical  Note  92-2,  Sustaining  Health  and  Performance  in  the  Odd.  Source  of  chart:  US  Army  Research  Institute 
of  Environmental  Medidne  Technical  Note  92-2.  Sustaining  Health  and  Performance  in  the  Cold:  Environmental  Medicine 
Guidance  for  Cold-Wealher  Operations.  Natick,  Mass:  USARIEM;  July  1992;  37. 


108 


Industrial  Hygiene 


is  vital.  For  example,  to  eliminate  lifting  from  floor 
level,  industrial  hygienists  can  recommend  moving 
the  storage  of  heavy  parts  to  waist  level;  to  ensure 
proper  wrist  position  during  equipment  assembly, 
they  can  recommend  tools  designed  to  keep  the  wrist 
in  a  neutral  position. 

Biological  Hazards 

Biological  hazards  found  on  army  installations  are 
typically  associated  with  the  medical,  dental,  and  vet¬ 


erinary  facilities  and  their  supporting  agencies  such  as 
laboratories.  For  installations  with  personnel  who 
spend  time  outdoors,  other  typical  biological  hazards 
can  include  such  things  as  poison  ivy,  insect  stings  and 
bites,  and  arthropod-borne  diseases  (eg,  Lyme  dis¬ 
ease).  Protection  is  provided  though  training,  avoid¬ 
ance  where  possible,  protective  clothing,  repellents, 
and  preparation  both  to  identify  these  outdoor  expo¬ 
sures  and  treat  any  personnel  who  report  to  a  clinic. 
Biological  hazards  to  healthcare  workers  is  the  subject 
of  Chapter  5,  Health  Hazards  to  Healthcare  Workers. 


EVALUATING  HAZARDS 


Worksite  exposures  change  as  processes,  person¬ 
nel,  and  work  rates  change;  as  existing  controls  dete¬ 
riorate  through  use;  as  buildings  are  modihed;  and 
evenasseasonschange.  Therefore,aregisttyofworksite 
exposure  levels  must  be  maintained  to  (a)  prevent 
hazard  assessments  based  on  single  samples  of  poten¬ 
tial  hazards  and  (b)  provide  a  usable  record  of  increas¬ 
ing  or  declining  exposure  trends. 

Monitoring  Metiiods 

Industrial  hygienists  use  several  monitoring  meth¬ 
ods  at  worksites  to  quantify  exposure  levels.*'"”  The 
main  types  of  monitoring  employ  direct  reading 
instruments,  indirect  measurement  (ie,  collection  of 
samples  for  later  laboratory  analysis),  or  both.  Por¬ 
table,  direct  reading  mstruments  are  constantly  being 
developed  and  improved;  some  in  common  use  in¬ 
clude  combustion  meters,  flame  ionization  detectors, 
gas  chromatographs,  photometers,  and  certain  gas- 
difrusion  badges. 

Direct  Readittg  Instrumatts.  Instruments  that  regis¬ 
ter  direct  readings  allow  measurements  of  woricsite  ex¬ 
posures  to  be  made  in  real  time.  They  use  analog  or 
digftalmeters;strip<hartreoordings;tapeprintouts;and 
color  changes  in  impregnated  paper,  liquid  reagents,  or 
colorimetric  glass  tubes  filled  with  solid  reagents.^"” 

Direct  reading  instruments  can  be  used  as 
nonportable  monitors  to  provide  a  continuous  record 
of  chemical  concentrations  over  long  periods.  They 
can  also  be  set  to  sound  alarms  if  worksite  corKentra- 
tions  exceed  preset  exposure  level  standards.  Portable 
instruments  are  used  to  identify  sources  of  potentially 
hazardous  exposures  at  the  worksite,  to  determine  if 
exposure  standards  are  exceeded,  to  check  engineer¬ 
ing  controls,  and  to  record  expv«ure. 

Chemical  detector  tubes  are  irarrow  glass  tubes, 
sealed  at  each  end,  and  filled  with  solid,  fii%ly  granu- 
lated,reagent-impregnatednuiteriaIs(Hgure4-6).  The 


industrial  hygienist  must  first  open  both  ends  of  the 
tubes  and  then  pump  kru>wn  volumes  of  sample  air 
through.  Contaminants  collect  on  the  media  and  react 
to  produce  a  color  change.  Exposure  levels  are  deter¬ 
mined  by  reading  the  length  of  the  stain  or  the  degree 
of  color  change.  However,  errors  can  occur  due  to 
chemical  interferences,  the  operator's  faulty  estimate 
of  the  stain  reaction,  and  the  quality  or  age  of  the 
reagents. 

Another  frequently  used  monitor  of  exposure  levels 
Is  the  infrared  spectrophotometer,  which  measures 
the  attenuation  of  specific  wavelengths  of  infrared 
light  as  they  pass  through  a  gas  or  vapor  sample 
(Figure  4-7).  Infrared  spectrophotometers  require  fre¬ 
quent  adjustment,  must  be  calibrated  with  known 
concentrations  of  contaminants,  and  are  subject  to 
interference  from  chemicals  with  the  same  infrared 
light  absorbaiKe  spectrum  as  the  target  chemical's. 

Piezo  electrical  mass  monitors  measure  aerosol 
mass  by  comparing  frequeiKy  changes  in  an  oscillat¬ 
ing  crystal  exposed  to  the  aerosol  with  another  crys¬ 
tal— orte  not  exposed  to  the  aerosol — used  as  a  blank  to 
cancel  out  any  changes  due  to  temperature,  pressure, 
or  humidity  (Figure  4-8).^' 

[direct  reading  instruntents  have  limitations  that 
must  be  conside^  before  and  during  their  use: 

•  Although  the  co?t  of  the  least  experrsive  direct 
reading  instrument,  a  detector  tube,  k;  rela¬ 
tively  low  ($5.00  each),  more-accurate  and 
-spe^cinstrument5(withelectrorUcsandclec- 
tmchemkal  cells)  can  cost  more  than  $3/100 
each  and  can  easily  exceed  $15,000  each. 

•  Manyinstrunientsreacttoclasseso<fami!iesof 
chemicals  rather  than  to  specific  compounds; 
in  some,  even  completely  different  chemicals 
can  cause  interfereiKe  (eg,  water  vapor  will 
interfere  with  infrared  analysis  of  ethylene 
oxide  on  certain  instruments). 
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Fig.  4-6.  This  GASTEC/Sensidyne  pump,  nnxlel  800  with 
fonnaldehyde  low  range  (0.1-5  ppm)  detector  tubes,  is  used 
to  rapidly  screenareasforformaldehydegas.  Other  typesof 
tubes  are  available  to  screen  for  many  common  ch^cals. 
Eachcaiton  contains  specific  instructions  forsan.ple  volumes. 


Fig.  4-7.  This  MIRAN  1B2  infrared  gas  analyzer  provides 
sub-ppm  measurement  of  a  wide  variety  of  gases  and  va¬ 
pors.  This  instrument  or  a  variant  is  frespiently  used  to 
monitor  for  ethylene  oxide  and  waste  anesthetics  in  army 
medical  treatment  facilities. 


Fig.  4-8.  This  TSI  Respirable  Aerosol  Mass  Monitor  Model 
3500  uses  the  frequency  changes  of  piezo  crystals  to  deter¬ 
mine  the  mass  of  0.01-10  p  parti  'les  in  air. 
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•  Separate  direct  reading  instruments  to  mea¬ 
sure  all  the  chemicals  that  might  be  present  at 
a  worksite  may  be  difficult  to  carry. 

•  Instruments  that  use  colorimetric  techniques, 
especially  the  detector  tubes,  can  deviate  ±50% 
from  the  ti'ue  values  (results  within  ±25%  are 
acceptable,  provided  the  error  range  is  known 
and  is  included  in  the  hazard  analysis). 

•  Direct  reading  iristrumenls  require  frequent 
calibration  to  meet  published  accuracy  levels 
because  electronic  drift,  vibration,  pressure 
and  temperature  fluctuations,  reagentbatches, 
and  other  factors  can  adversely  affect  the  in¬ 
struments'  accuracy. 

Theacccpted  accuracy  of  various  instruments  ranges 
between  ±1  %  and  ±25%.  Before  making  recommenda¬ 
tions  based  on  a  single  reading,  industrial  hygienists 
must  carefully  assess  an  instrument's  capability,  the 
w’orksite's  situation,  and  any  trew  risks  that  could  ensue 
from  significantly  changing  an  industrial  proceK. 

Indirect  Measurements 

Indirect  measurement  of  airborne  contaminants  re¬ 
quires  that  industrial  hygiene  personrrel  collect  the 
potentially  hazardous  material  of  interest  and  deliver 
it  to  the  laboratory  for  analysis.  Beforea  samplecan  be 
collected,  the  industrial  hygienist  must  know  (a)  the 
physical  state  (eg,  is  it  an  aerosol  or  a  gas  or  vapor?)  of 
the  contaminant  and  (b)  the  proper  samplwg  train  (the 
combination  of  equipment,  conr^ected  in  series)  neces¬ 
sary  to  collect  the  specific  contaminant  in  such  a  way 


that  its  volume  or  weight  can  be  precisely  determined 
in  a  laboratory 

Aerosols  contain  liquid  or  solid  material  suspended 
in  air.  They  include  dusts,  fumes,  and  smokes  (solid 
aerosols)  and  mists  and  fogs  (liquid  aerosols).  Aero¬ 
sols  are  defined  by  their  (c)  aerometric  diameters  and 
(b)  method  of  formation  (Table4-3).  Although  aerosols 
of  interest  to  industrial  hygienists  have  diameters  rang¬ 
ing  from  0.001  to  500  p,  the  diameters  of  aerosols  that 
significantly  affect  the  body  enter  via  the  respiratory 
tract  and  generally  range  between  0.1  and  no  greater 
than  20  p.  Their  size,  density,  shape,  and  other  aerody¬ 
namic  properties  affect  both  the  quantity  of  contami¬ 
nant  deposited  and  the  respiratory  site  wherein  the 
contaminant  will  accumulate: 

•  Aerosols  with  diameters  larger  than  10  p  tend  to 
deposit  in  the  nose  and  upper  respiratory  tract 

•  Aerosols  with  dianteters  approximately  05  to 
lO.Op  tend  to  be  carried  further  and  be  depos¬ 
ited  within  the  smaller  respiratory  passages. 

•  Aerosolswithdiameteisof0.1to05paieinhaled 
and  exhaled,  but  tend  not  to  be  deposited. 

•  Extremely  small  particles  (<  0.1  p)  are  usually 
deposited  in  the  smallest  air  passages  after 
collision  with  gas  molecules  in  breathing  air. 
However,  these  particles  are  so  small  that  their 
absolute  quantity  is  minuscule,  and  they  usu¬ 
ally  have  no  significant  effect  on  human  health. 

Although  gases  and  vapors  are  actually  separate 
physical  slates,  they  are  grouped  together  for  pur- 
p>oses  of  this  chapter  because  industrial  hygienists  use 


TABLE  4-3 

TYPES  OF  AEROSOLS 


Type 

Approximate  Range 
of  Diameters  (p) 

FonnaHon 

Dusts 

<  1  ->500 

Formed  from  solid  materials  by  a  mechanical  action  such  as  crushing 
w  grinding 

Fumes  (colloids  in  air) 

O.OOOS-  1.0 

Formed  by  vaporizing  and  condensing  solids  in  air.  such  as  vk-hen  welding 
or  cutting  metal 

Smokes 

O.OI  -  I.O 

Produced  by  incomplete  combastion  of  carbon-containing  material 

Mists 

05->  100 

Produced  from  liquids  by  mechanical  action  such  as  bubbling,  splashing, 
or  atomizing 

Fogs 

1-50 

Formed  from  liquids  that  have  vaporized  and  rccondcascd  on  microscopic 
panicles  of  du.st  or  fume,  usually  dense  enough  to  otramre  vision 

Ad^tplcd  frnm  McKcc  SB,  Ful  wkrr  RD.  Drtcrrmnatttm  of  pjtliclc  size.  In.  Towxl  CH,  Hosev  AD,  cds.  The  InJufJntil  Erntrcnmeni — Us  Etaluettcm 
and  Omlrct.  Washington,  DC:  USDHrW,  PHS.  CDC,  NIOSH;  1%5-  §  B-7.  PHS  PublicaHon  614. 
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similar  sampling  techniques  to  collect  them.  The  com¬ 
mon  synonymous  use  of  the  terms  vapor  and  ga£  some¬ 
times  causes  minor  confusion.  A  substance  is  consid¬ 
ered  to  be  a  gas  if  it  maintains  that  state  at  room 
temperature  and  normal  atmospheric  pressure;  how¬ 
ever,  a  vapor  at  room  temperature  is  generally  very 
close  to  changing  in  physical  state  from  gas  to  liquid. 
Industrial  hygienists  take  an  interest  in  these  differ¬ 
ences  because  the  entry  and  action  of  solid  or  liquid 
aerosolized  chemicals  differs  from  their  entry  and 
action  as  a  gas  or  vapor.  The  industrial  hygienist  must 
consider  the  context  of  use.  For  example,  methylene 
chloride  in  a  paint-stripping  preparation  can  cause 
dermal  irritatbn  if  spilled  on  the  skin:  however,  if 
inhaled  in  sufficient  concentration,  methylene  chlo¬ 
ride  can  quickly  cause  chemical  anoxia.  Failure  of  an 
industrial  hygienist  to  consider  these  differences  can 
cause  a  foulty  evaluation  of  hazard  potential. 

In  addition  to  understanding  the  physical  state  of 
the  contaminant,  industrial  hygienists  must  also  un¬ 
derstand  the  components  of  a  proper  sampling  train 
used  to  measure  contaminant  levek.  Sampling  trains 
for  aerosols  and  gases  and  vapors  are  similar,  yet  have 
distinct  differences  in  their  collecting  media  (ngure4- 
9).  For  aerosols,  sampling  trains  are  generally  com¬ 


posed  of  (a)  an  air  inlet  de\ice,  which  can  be  either  a 
length  of  stiff  or  flexible  tubing,  or  a  part  of  the  particu¬ 
late  collector;  (W  a  particulate  collector;  (c)  a  means  of 
controlling  flow;  (d)  an  airflow  metering  device;  and  (e) 
an  air  pump.  The  most  common  particulate  collectors 
use  filters  and  cyclones  (Figure  4-10). 

Sampling  trams  for  gases  and  vapors  differ  from 
those  for  aerosols  in  their  collection  devices — absorb- 
ersandadsorbers(Figure4-ll).  Absorption  is  a  chemi¬ 
cal  process  in  which  the  collected  gas  or  vapor  reacts 
with  chemicals  in  the  collection  device.  Commonly 
used  absorption  equipment  consists  of  impingers  and 
fritted  bubblers.  These  devices  use  liquid  collection 
media,  each  type  of  which  provides  different  contact 
times,  bubble  size,  and  contact  surface.  These  factors 
cause  thecollecting  timeor  surfacearea  or  both  to  vary. 
In  comparison,  adsorption  is  a  physical  process  in 
which  the  gas  or  vapor  collected  is  trapped  on  the 
collection  media,  but  with  no  chemical  reaction. 
Adsorbersare used  in  packed  tubes  tocollect  insoluble 
or  norureactive  gases  and  vapors.  Tubes  packed  with 
activated  charcoal  and  silica  gel  are  the  most  common, 
but  many  other  adsorbent  materials  are  available  for 
specific  collection  techniques  (figure  4-12). 

Other  methods  are  available  for  collecting  samples 


Partiailale  CoOectian 


FAer  Assembly 


Adscxbent  Tube 


Fig.  4-9  Both  these  sampling  trains  for  chemical  collection  use  an  air-sampling  pump  without  constant  flow  capability.  Flow 
control  can  be  accomplished  with  valves  or  critical  air-flow  orifices.  Control  is  required  to  ensure  that  the  exact  volume  of 
air  collected  can  be  calculated.  Without  precise  flow  control,  clogged  collection  devices  or  variable  air  pump  speed  caused 
by  voltage  fluctuations  could  cause  a  large  measurement  error.  Air  pumps  are  necessary  to  power  the  sampling  train.  Flow 
from  the  pump  mi»t  be  calibrated  with  the  entire  unit  connected  as  if  it  were  in  actual  use.  This  arrangeitrent  allows  the 
system  to  be  adjusted  to  overcome  the  resistance  to  air  flow  found  in  each  separate  component  of  the  sampling  train.  A 
constant  flow  pump  that  uses  electronic  flow  devices  can  be  seen  in  Figure  4-11. 
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Hg.  4-lC.  Particulate  filters,  left  to  right  cellulose  ester,  glass 
fiben  polyvinyl  chloride;  a  filter  taken  apart  to  show  the 
body,  support  pad,  and  filter  disk;  and  a  filler  mounted  in  a 
cyclone  device  that  is  used  to  separate  out  the  respirable 
aerosols.  These  particulate  collection  filter  assembliesdiffer 
according  to  the  laboratory  requirements  fOT  extracting  the 
hazardous  material  collected  from  the  filter  media. 


Kg.  4-11.  This  DuPont  P4LC  constant  flow  pump  with  its 
sampling  tube  attached  b  a  sampling  train  used  to  collect 
many  kinds  of  gas  and  vapor  contaminanb.  A  particulate 
sampling  train  would  have  a  filler  oi  filler /cyclone  collec¬ 
tion  device.  Constant  flow  pumps  use  microprocessors  to 
sense  airflow  and  alter  pump  speed  to  maintain  a  known 
collection  rate. 


Fig.  4<-12.  The  midget  impinger  shown  in  the  left  back¬ 
ground  b  used  to  collect  contaminanb  in  a  liquid  medium; 
the  midget  fritted  impinger  shown  on  the  right  background 
breaks  up  contaminated  gases  into  tiny  bubbles,  thereby 
itKreasing  the  collection  efficiency.  The  impinger  shown  in 
the  right  foreground  b  desigrred  to  collect  samples  but  not 
leak  into  the  pump.  Collection  tubes  containing  Firebrick, 
activated  charcoal,  arul  silica  gel,  center  foreground,  top  to 
bottom,  are  used  to  collect  various  gases  and  vapors  for 
laboratory  analysis. 
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Fig.  4-13.  This  3M  Gas  Badge,  shown  in  front  of  its  shipping 
container,  is  used  to  monitor  for  exposure  to  ethylene  oxide; 
air  pumps  or  other  sampling-train  components  are  unnec¬ 
essary. 


of  contaminants  that  do  not  use  elaborate  mechanical 
sampling  trains.  In  all  methods,  samples  are  collected 
at  a  known  rate  so  the  air  volume  collected  can  be 
related  to  the  total  amount  of  contaminant  found  by 
laboratory  analysis.  For  example,  gas-monitoring 
badges  are  ava^ble  for  many  compounds  and  use 
diffusion  through  a  membrane  or  into  an  oriffce  to 
collect5amplesataknownrate(Figure4-13}.  After  the 
collection  period,  the  badge  is  sealed  to  prevent  loss  by 
diffusion  and  is  sent  to  a  laboratory  for  analysis. 

Instantaneousorgn?hsampIescoliect  actual  woricsite 
air;  the  sample  contains  whatever  contaminant  exists 
at  the  instant  of  collection  (Figure  4-14).  Evacuated 
containers,  displacement  collectors,  and  flexible  col¬ 
lection  bags  are  used  for  collecting  grab  samples, 
which  are  then  sent  to  a  laboratory  for  analysis. 

Assessing  Measurements 

Exposurestandardshavebeendeveloped  formany 
physical  and  chemical  hazards  found  in  the  work 
environment.  The  Occupational  Safety  and  Health 
Admini<^tk>n'spermissib]eexposureWels(05HA's 
PELs)  are  regulatory  standards  that  carrv  the  force  of 
law.  TheACGIH'sThresholdLimitValuesCrLVslare 
consensus  standards  that  do  not  carry  the  force  of  law. 
Because  both  are  applied  by  hygienists  in  their  work, 

!K 


Fig.  4-14.  Stainless  steel,  right,  or  glass,  left,  evacuation 
containers  have  valves  to  control  ^  collection  of  grab 
samples  of  worksite  air  into  rigid  containers  of  known 
volume.  The  flexible  collection  bags,  center,  usually  have 
httings  that  connect  to  air  pumps,  which  fill  thehag  with  the 
air  sample. 


exposure  sampling  must  quantify  actual  exposures  for 
comparison  with  these  standards  to  determine  when 
corrective  action  or  medical  surveillance  is  indicated. 

Identifying  both  the  limitations  inherent  in  the  mea¬ 
surement  process  and  the  potential  adverse  impact  of 
measurement  variables  are  essential  for  meaningful 
exposure  sampling.  Industrial  hygienists  determine 
exposure  levels  by  finding  the  amount  of  eadr  particu¬ 
lar  chemical  contaminant  per  unit  volume  of  air;  there¬ 
fore,  the  mass  of  the  chemical,  the  volume  of  the  air 
sample,  and  the  efficiency  of  the  collection  all  subject 
this  process  to  potential  collection  errors. 

Reported  exposure  levels  are  actually  surrounded 
by  a  range  of  possible  values;  the  actual  level  lies 
within  the  range.  For  example,  a  laboratory  might 
report  that  it  analyzed  an  air  sample  and  found  125 
ppm  benzerte.  Taldng  into  account  the  statistical  coir- 
sideration  of  random  and  systematic  errors  found  in 
sample  collection,  handling,  and  analysis,  the  level 
should  have  been  reported  as  125  ppm  ±10  ppm,  with 
acotdidencelevelof95%.  If  numerous  measurements 
havebeen  taken,  the  meanarKi  the  starwiard  deviations 
of  Uie  mean  can  be  estirrtated  very  dosely.  Estimates 
are  rK>t  irearly  as  good  with  fewer  samples,  aiwl  only 
broad  coirfiderKe  limits  can  be  obtained  (Exhibit  4-1). 

In  ironstatistkal  terms,  error  in  calculating  the  mass 
of  a  chemical  is  usually  a  function  of  (a)  collection 
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EXHIBIT  4-1 

ERRORS  IN  MEASUREMENT 


All  exposure  measuremmis  can  contain  both  random  and  systematic  errors;  therefore,  they  are  only  estimates  of  actual  values. 
Random  errors  occur  by  chance,  sometimes  higher  and  sometimes  lower  than  the  true  value.  Systematic  errors  always  skew  a 
value  either  above  or  Mow  the  actual  value.  For  example,  a  track  coach  repeatedly  timing  a  runner  with  a  highly  accurate 
stopwatch  will  err  randomly  due  to  the  reaction  tinte  requi^  to  stop  the  watch.  If  the  coadi  uses  aninferiorwatchthat  runs  either 
fast  or  slow,  however,  then  the  elapsed  time  measured  will  always  be  too  sbw  or  fast  and  the  errors  will  be  systematic.  Secause 
bothrandomandsystenuticerrorscanoccurconcomitantly,  ourgoalsaretoeliminatesystematicerroraiKitocontrolforrandom 
error. 

Systematk  Error 

The  more  complex  the  measurement  the  ntore  likely  that  systeirutic  errors  will  occur.  Typical  errors  that  industrial  hygienists 
see  iiKlude  malfunctioning  or  irtcorrectly  calibrated  equipenent  tmtrained  or  iitexperienced  operators,  and  errors  in  recording 
data.  Forexample.thereislittleclumceforerrorwherncadingthenumericdispUyonadigitalcarbonmonoxidemeler.  However, 
othersourcesofsystemicerrorcouldexistwiththisnteter.  Is  the  operator  properly  calibrating  aiwl  operating  the  mstrument?  Are 
the  correct  scales  used  and  are  the  results  recorded  in  the  correct  units  of  measurement?  If  not,  then  several  sources  of  systemic 
errer  have  contaminated  this  simple,  direct  measurement  of  carbon  monoxide-exposiue  levels. 

Aggressive  quality-control  and  quality-assuraiKe  measures  can  elimirute  these  errors.  Credentialed  operators  nuintaining, 
caUbiating,  and  operating  measurement  equipment,  and  analytical  laboratories  participating  in  quality-control  procedures  su^ 
as  extenul  proheierrey  testing  and  internal  <{[uatity  control  will  produce  accurate  results. 

Random  Error 


Instrument  operators  introd  uce  random  error  when  they  read  dials  and  meters,  set  flow  rates,  measure  time,  prepare  solutions, 
and  perform  other  tasks  that  requite  observation  assd  reaction.  The  random  error  produced  can  neither  be  elimiruted  nor  (for  a 
single  measurement)  predicted. 

Probability  theory  predicts  that  in  a  series  of  measurements  the  results  will  be  evenly  distributed  around  the  true  value.  Thb 
centra!  tendency  is  a  hiirdamental  principle  of  statistical  analysis,  it  provides  a  powerful  tool  to  develop  measurement  strategies 
that  will  recognize  random  error  and  accurately  estimate  true  values. 
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For  example,  10  timed  measurements  erf  air-volume  (low  (using  a  soap  bubKe  in  a  Surei  moving  from  the  0-mL  to  the  SQO-mL 
points)  can  M  represented  as  a  hbtogram  (Exhibit  Figure  1).  We  intuitively  understand  t)ut  t)ie  true  (low  time  is  close  to  30 
seconds.  Thisnteanstheair-volumefiowisdoseto  I.OL/min.  And,  indeed,  the  mean  of  all  the  measurements  is  30  seconds. 

However,  more  measurements  ptoducea  more-accurate  estimate,  and  the  more  measurements  taken,  tlie  more  nearly  correct 
the  estimate  will  be.  Eventually,  further  measurement  is  not  worth  the  effort.  If  several  hundred  measurements  of  the  time  for 
a  soap  bubble  to  travel  from  the  0-mL  to  the  SOO-mL  points  on  a  Buret  were  plotted,  a  bell-shaped  curve  representing  a  nonrul 
probability  distntulbn  would  develop  (Exhibit  Figure  2). 

Truly  random  enors  will  be  normally  distributed  around  the  mean.  In  a  bell-shaped  curve,  the  standard  deviation  (SD) 
measures  thb  dbpersion.  In  a  normal  dbtribution,  approximately  68%  of  the  values  fall  within  the  range  of  the  ir>ean,±l  SO;  95% 
within  ±2  SD;  and  99%  within  13  SD.  Generally,  industrial  hygienists  will  use  the  95%  confidence  limits  for  their  measurements. 

Adapted  from  Johnson,  CL,  Sell  ML.  Sources  and  Control  of  Error  in  Industrial  Hygiene  Measurements.  Presented  at  the  First 
Annual  Occupational  Health  Nurse  Symposium;  18-22  June  1990;  Xerox  Training  Center,  Leesburg,  Va. 
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efficiency,  (W  san'ple  stability,  or  (c)  handling  in  the 
laboratory.  A  known  collection  efficiency  is  required 
for  accurate  determination  of  gas-and  vapor-exposure 
levels.  Chemicals  in  their  gas  or  vapor  pha^  are 
equally  likely  to  be  captured  if  temperature,  pressure, 
and  flowTate  are  kept  constant.  The  collection  of 
particulates,  however,  varies  with  their  size,  shape, 
and  quantity.  Various  particulate  samplers  have  dif¬ 
ferent  collection  efficiencies  for  smaller  and  larger 
aerosolized  particulates.  Overloading  the  chemical 
onto  filters  or  precipitators  can  cause  variable  collec¬ 
tion  efficiencies.  In  addition  to  error  in  chemical  mass 
calculations  asa  function  of  collection  efficiency,  sample 
stability  is  also  a  factor.  Losses  or  gains  in  chemical 
mass  occur  after  formal  collection  has  beer,  completed. 
For  example,  chemicals  having  high  vapor  pressure 
can  boil  out  of  the  collection  media,  and  additional 
target  chemicals  can  enter  and  contaiirinate  samples 
that  were  improperly  sealed  at  the  worksite. 

Other  sampling  errors  can  occur  in  the  laboratory. 


The  target  chemical  can  react  with  the  collection  or 
storage  container  and  be  lost  to  laboratory  analysis. 
Similarly,  although  laboratories  generally  have  ex¬ 
tremely  accurate  and  highly  sensitive  analytical  tech¬ 
niques  and  equipment,  laboratories  can  lose  chemical 
^nass  through  a  failure  to  fully  extract  the  contaminant 
from  the  sampling  media. 

However,  the  greatest  error  in  sample  collection 
usually  occurs  in  the  field,  when  the  sample  volume  is 
incorrectly  determined.  The  instruments  used  to  col¬ 
lect  samples  at  the  worksite  are  not  designed  to  be  as 
accurate  as  fixed  laboratory  bench  equipment  Equip¬ 
ment  used  in  thesampling  train  canalsobeaffect^  by 
changes  in  temperature  or  pressure,  physical  damage 
during  transportation,  power-supply  voltagechanges, 
and  operator  error.  Many  flowrate  and  volume  cali¬ 
bration  devices  are  available,  and  sampling  personnel 
must  use  them  both  before  and  after  sampling  to 
document  the  accuracy  of  the  collection  pitKedure 
(Exhibit  4-2  and  Rgure  4-15). 


EXHIBIT  4-2 

AIR-SAMPUNG  CALIBRATION  PROCEDURES 

•  Use  standard  devices  with  cate  and  attention  to  detail. 

•  Checkali  standard  mataials.instruments.and  procedures  periodically  todeterminetheirstability.operatingcondition, 
or  both. 

•  Recalibrate  a  device  whene\'er  it  has  been  changed,  repaired,  received  from  a  manufacturer,  subjected  to  use, 
mishandled,  or  damaged,  and  at  any  time  when  its  accuracy  is  questioned. 

•  Understand  how  an  instrument  should  be  operated  before  attempting  to  calibrate  it;  use  a  procedure  or  setup  that  will 
not  change  the  characteristics  of  the  irrstrumcnt  or  standard  within  the  operating  range  required. 

•  When  in  doubt  about  procedures  or  data,  assure  their  validity  before  proceeding  to  the  next  operation. 

•  Make  all  sampling-  and  calibration-train  connectiorrs  as  short  and  constriction-  arnl  resistance-free  as  possible. 

•  Exercise  extrerrre  care  when  reading  scales,  timing,  adjusting,  and  leveling,  and  during  all  other  similar  sample- 
collection  operatiorrs. 

•  Allow  sufficient  tinac  to  stabilize  conditions,  overcome  inertia,  and  establish  equibbrium  during  calibration  arul 
sampling. 

•  Obtain  enough  points  artd  different  flow  rates  on  a  calibration  curve  to  generate  confideiKe  in  the  plot  obtained. 
Hot  each  point  from  rrwre  than  or»e  reading  wherever  practical. 

•  Maintain  a  complete  permanent  record  of  all  procedures,  data,  and  results.  Include  trial  runs,  known  faulty  data  (with 
appropriate  comments)  irrstrurrrent  identification,  cormcctron  stzes,and  ambient  barotrretriepressureand  temperature. 

•  When  a  calibration  differs  from  previous  records,  determine  why  the  change  occurred  before  accepting  the  new  data 
or  repeating  the  procedure. 

•  Properlyidentify  the  conditions  of  calibration,  the  device  calibrated,  the  material  it  was  caUbrated  against,  the  units 
involved,  the  range  and  precision  of  calibration,  the  date,  and  the  name  of  the  person  who  perfonned  the  actual 
procedure  for  ali  calibration  curves  and  factors.  If  possible,  indicate  the  location  of  the  original  data,  and  place 
appropriate  calibration  data  on  the  instrument. 

Adapted  from  Lippnun,  M.  Instruments  at>d  techniques  t»5cd  in  calibrating  sampling  equipment.  In;  The  Induftnal  Ennmrment — Its 

Etvimtkm  end  Control.  Washington,  DC:  USDHEW,  PUS,  CDC.  NKDSH;  1973:  Chap  1 1 . 
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Fig.  MS.  The  Gilian  Instrument  Corporation's  Gilibrator 
BubbleGeneratorprovidesaneffidentmethod  of  determin¬ 
ing  airflow  rates  before,  during,  and  after  samplecoliection. 


Worksite  Sampling  Strategy 

For  each  sampling  situation,  the  industrial  hygien¬ 
ist  must  use  a  logical  sample  collection  strategy  that 
will  characterize  the  exposure  of  personnel  at  the 
worksite.  The  National  Institute  for  CXrcupational 
Safety  and  Health  (NIOSH)  has  published  a  recom¬ 
mended  decision  logic  to  help  determine  strategy  (fig¬ 
ure  4-16).  Whatever  technique  is  used,  industrial 
hygienists  must  consider  five  factors:  the  location, 
timing,  and  personnel  to  be  sampled;  the  sampling 
period;  and  the  number  of  samples.'^ 

Location 

Samples  may  be  collected  at  the  worker's  breathing 
zone,  at  a  specific  worksite,  or  in  the  general  area.  The 
definition  of  a  worker's  exposure  presupposes  sample 
collection  at  the  worker's  breathing  zone.  However,  it 
is  sometimes  impossible  or  dangerous  to  fit  a  worker 


Fig.  4-16.  Recommended  employee  exposure  delenninalions  and  measurement  strategy.  This  sampling  logic  uses  Ike 
current  permissible  exposure  levels  (PELs)  and  the  action  level  ( AL,  which  is  one-half  the  PEL)  to  set  up  a  sampling  strategy 
to  determine  exposures  and  sampling  frequency.  Source:  Reprinted  from  National  institute  for  Occupational  Safety  and 
Health.  Occupational  txposure  Sampling  Strategy  Manual.  Washington,  DC:  USGPO;  1977: 11. 
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with  even  the  small  air-sampling  pumps  or  to  place  a 
direct  reading  instrument  in  the  worlrer's  breathing 
zone.  Intheseinstances,theindustriaihygienistshould 
collect  samples  close  to  the  worker  at  the  worksite. 
While  breathing-zone  samples  are  preferable,  sam¬ 
pling  at  the  worksite,  or  even  in  the  general  area  of 
operation,  can  be  used  to  deflne  the  effectiveness  of 
engineering  control  measures,  round  out  exposure 
data  by  defming  the  spread  of  contaminants,  and 
support  breathing-zone  sampling  results. 

Timing 

Worksite  exposures  change  throughout  the  day. 
Times  as  short  as  a  shift  or  as  long  as  an  entire  season 
can  alter  the  evolution,  distribution,  and  dilution  of 
hazardous  chemicals.  Wh.en  developing  the  sampling 
logic,  industrial  hygienists  must  consider  what  timeof 
day,  week,  month,  or  year  will  fully  characterize  expo¬ 
sure.  This,  of  course,  requires  that  the  industrial  hy¬ 
gienist  be  thoroughly  familiar  with  the  procedures 
used  at  the  worksite  and  the  differences  in  operations 
that  are  likely  to  depeitd  on  seasonal  or  weather  condi¬ 
tions.  For  example,  ventilation  may  be  reduced  to  keep 
an  area  warm  in  winter,c»'increased  to  coolitin  summer. 

Persomut 

Sampling  the  breathing  zone  of  each  individual  at  a 
worksiteprovidesthemostdetailedinformatioa  How¬ 
ever,  this  option  would  be  impractical  if  40  people 
were  doing  the  same  work.  To  collect  samples  that  are 
as  representative  as  possible,  the  industrial  hygienist 
must  make  on-site  determmations  to  designate  the 
personnel  with  the  highest  probability  of  overexpo¬ 
sure.  NIOSH's  Occupational  Exposure  Sampling  Stra!- 
egtf  Manual  contains  a  method  to  determine  the  number 
of  different  samples  that  will  ensure  that  at  least  one 
peiscm  from  the  top  10%  exposure  group  is  irKluded  in 
the  sample,  %vith  90%  confideiKe  (Table  4-4).®’^ 

For  example,  if  31  workers  arc  all  sanding  paint  off 
damaged  trucks  in  a  large  maintenatKe  bay,  ^en  N  = 
31.  To  be  90%  confident  that  at  least  one  of  the  three 
workers  (10%  of  31)  with  the  highest  of  all  exposures  Is 
included  ina  partial  sample,  at  least  16  workers  (n = 16) 
should  be  selected  at  random  from  the  31.  Thus,  we 
sample  about  50%  of  the  group  to  be  90%  sure  that  at 
least  one  worker  in  the  highest  10%  of  ail  exposures  is 
iiKluded. 

Sampling  Period 

The  industrial  hygieiust  has  to  analyze  several  vari¬ 
ables  to  determine  the  volume  and  duration  of  sam¬ 


pling  necessary  to  define  the  contaminant  level  at  the 
worksite.  Some  variables  that  influence  this  determi¬ 
nation  include  the  appropriate  exposure  standard,  the 
capability  of  the  collection  instruments,  the  estimated 
chemical  concentration  at  the  worksite,  and  the 
laboratory's  capability.  In  most  cases,  the  critical  vari¬ 
able  is  the  laboratory  capability:  their  analytical  equip¬ 
ment  may  need  more  volume  of  sample  than  can  be 
collected  during  a  short-term  operation.  The  indus¬ 
trial  hygienistand  the  analyst  must  come  toagreement 
on  the  amount  of  sample  required  to  satisfy  both  their 
needs. 

NI(!)5H  describes  samphng  periods  cts  (a)  full  work 
period /single  sample,  (W  full  work  period/consecu¬ 
tive  samples,  (c)  partial  work  period/consecutive 
samples,  and  (d)  random  grab  samples  (Figure  4-17).^ 
Each  of  these  sampling  periods  has  a  different  pur¬ 
pose.  Forexample,an8-huurperiod  singlesamplewill 
provide  only  one  number  the  fliwage  exposure  over 


TABLE  4-4 

SIZE  OF  SAMPLE  THAT  WILL  INCLUDE  TOP 
10%  EXPOSURES  AND  ACHIEVE 
90%  CONFIDENCE  LIMITS 


Size  of  Group  (N)* 

No.  of  Requited  Samples^ 

8 

7 

9 

8 

10 

9 

11-12 

10 

13-14 

11 

15-17 

12 

18-20 

13 

21-24 

14 

25-29 

15 

30-37 

16 

38-49 

17 

50 

18 

*N:  Si«  of  original  group  judged  to  have  the  same  exposure 
potential 

'^n:  Size  of  partial  sample  if  N  >  7  (the  entire  group  must  be 
sampled  if  N  S  7) 

Reprinted  from  Keenan  RG.  Direct  reading  instruments  for  deter¬ 
mining  concentrations  of  aerosols,  gases,  and  vapors.  In;  The 
Industrial  Enxdronmenl—Ils  Exuilualion  and  Contra!.  Washington, 
DC:  USDHEW.  PHS,  CDC,  NiOSH;  1973:  Chap  16. 
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the  entire  8-hour  period.  If  a  worker  were  exposed  to 
40  ppm  for  1  hour,  100  ppm  for  6  hour,  and  0  ppm  for 
1  hour,  and  all  exposui  es  were  collected  on  one  sample 
medium,  the  laboratory  would  Bnd  only  that  the  expo¬ 
sure  over  the  8-hour  period  averaged  ^  ppm.  There¬ 
fore,  unless  a  direct  reading  instrument  with  a  re¬ 
corder  is  used  as  the  collection  device,  industrial 
hygienists  will  not  be  able  to  determine  if  short-term 
overexposures  occurred  during  this  8-hour  period. 
These  overexposures  could  be  high  enough  to  cause 
acute  effects,  yet  not  exceed  the  8-hour  standard  when 
averaged.  Toescapethisdifficulty,consecutive,short- 
duration  sampling  over  the  8-hour  period  provides 
both  the  full  exposure  and  the  short-term  exposure 
levels  (STELs).  A  time-weighted  average  (TWA)  can 


be  calculated  from  the  series  of  sample  results  to 
determine  the  daily  average  and,  because  three  differ¬ 
ent  collection  devices  were  used,  we  also  see  partial- 
period  results: 

(40  ppm  •  1  h)  +  (100  ppm  •  6  h)  (0  ppm  •  1  h) 
8h 

=  ^-gpm/^.h  ^  go  ppm  twA 

8  h 

Partial-period  sampling  can  be  used  when  the  op¬ 
eration  is  uniform  throughout  the  day,  or  when  it  is 
oivty  done  intermittently.  One-time  samples  using 
detector  tubes  or  evacuated  containers  can  be  useful 
as  screening  devices,  but  they  provide  only  a  single 
snapshot  of  possible  exposure. 


Hours  After  Start  of  WorttsWl 


t%.4-17.FuD  period  CTglesamplesprovideonly  average  exposures  for  the  entire  day;  this  tedinique  cannot  determine  short-duration 
cveiexptBures  that  might  occur  during  a  shift  l^Q  period  consecutive  samples  can  be  used  to  de^  exposures  for  different  phases  of 
an  (^teiation  or  to  determine  if  exposure  varies.  As  many  as  16  and  32  samples  (for  30-  or  15-min  intervals)  are  sometimes  used  to 
characterize  exposures  during  an  S-houi- workday.  Partia]  period  samples  are  useful  for  intermittent  operations.  Grab  samples  can  be 
taken  during  expected  peak  exposures  to  deternune  if  more  sampl^g  is  required.  Source:  Reprinted  from  National  Institute  for 
Occupational  So^ and  Health.  Occupational  Exposure Samplmg  Strategy  Maiiu^.  Washington,  DO  USGPO;  1977: 38. 
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Number  of  Samples 

The  industrial  hygienist  also  determines  the  num¬ 
ber  of  samples  required  to  accurately  determine  a 
worksite  exposure.  Single  samples,  even  if  they  en¬ 
compass  a  ^11  shift,  are  not  sufficient  to  characterize 
exposures.  Many  factors  can  alter  exposures,  such  as 
interference  from  adjacent  operations,  the  age  of  the 
chemicals  used,  and  a  change  of  operators.  Only  a 
series  of  samples  taken  over  time  and  recorded  in  the 
HHIM  can  provide  the  record  of  exposure  that  is 
needed  to  show  constant  or  fluctuating  exposure  lev¬ 
els.  Industrial  hygienists  must  adjust  the  sampling 
number  over  time  if  sample  results  prove  to  be  all  low, 
all  high,  or  erratic. 

Interpreting  the  Hndings 

The  factors  that  industrial  hygienists  analyze  to 
determine  whether  particular  exposures  are  hazard¬ 
ous  to  health  include  (a)  the  reported  exposure  concen¬ 
tration  (withappropriateconsideration  of  the  variance 
caused  by  sampling  error),  (b)  the  worksite  (including 
the  duration  and  type  of  exposure),  (c)  the  nature  and 
toxicity  of  the  chemical,  and  (d)  the  existing  standards. 
Various  systemic  sampling  errors  occur  and  the  re¬ 
ported  exposure  concentration  contains  a  positive  or 
negative  variance  around  the  true  exposure.  This  can 
have  little  impact  if  the  reported  exposure  is  far  below 
or  far  above  the  health  standards.  Frequently,  how¬ 
ever,  the  reported  result  falls  near  the  standard,  and 
the  statistical  variance  prevents  making  an  accurate 
determination  of  whether  the  exposure  has  exceeded 
the  standard.  Then,  the  industrial  hygienist  must 
develop  and  execute  a  new,  more  defined  sampling 
strategy,  which  could  include  more  firequent  consecu¬ 
tive  samples  or  lower  detection  limit  on  the  monitor¬ 
ing  instrument. 

Because  most  standards  are  based  on  the  conven¬ 
tional  40-hour  work  week,  unusual  schedules  (>  8  h/d  or 
40  h/wk)  require  a  special  assessment  of  the  hazard. 
Although  the  standards  are  generally  proportionately 
reduced  to  incorporate  inaeascd  exposure  time  and 
decreased  recovery  time,  more  complex  models  use 
pharmacokinetics  to  adjust  exposure  standards.^"^ 

To  determine  a  hazard  potential,  industrial  hygien¬ 
ists  must  know  the  rationale  behind  an  exposure  stan¬ 
dard;  they  must  correlate  all  exposure  variables  with 
the  standard,  while  also  considering  that  the  standard 
was  developed  using  data  from  animals,  accidents, 
and  laboratories.  However,  conditions  at  the  actual 
worksite  may  not  bear  any  relation  to  the  data  that 
were  used  to  set  the  standard.  The  length  of  exposure. 


the  physical  state  and  purity  of  the  chemical,  and  its 
toxicity  will  affect  the  industrial  hygienist's  determi¬ 
nation. 

The  standards  used  by  U5.  Army  industrial  hy¬ 
gienists  are  designed  to  conserve  the  fighting  strength 
by  controlling  preventable  disease  and  injury  through 
command-oriented,  occupational-,  environmental-, 
and  personal-protection  programs.  These  standards 
are  detailed  in  AR4()-5^and  Technical  Bulletin  Medical 
{ TB  MED)  503“  and  include 

•  DoD  and  Department  of  the  Army  Occupa¬ 
tional  Safety  and  Health  (DA  OSH)  standards 
for  military  (field  and  garrison)  and  nonmili¬ 
tary  worksites,  for  which  regulatory  agencies 
either  have  or  have  not  issued  OSH  standards, 
and  which  are  included  in  DoD  and  DA  Pam¬ 
phlets,  circulars,  TB  MEDs,  and  messages; 

•  OSHA  standards,  including  PELs,  which  are 
written  into  the  regulations,  and  emergency 
temporary  standards  with  minor  adaptations 
as  necessary,  to  conform  with  DA  administra¬ 
tive  practices; 

•  other  regulatory  worksitestandards  issued  un¬ 
der  statutory  authority  by  other  federal  agen¬ 
cies  such  as  the  Department  of  Transportation 
and  the  Environmental  Protection  Agency; 

•  special  DA  OSH  standards  developed  for  mili¬ 
tarily  unique  equipment,  systems,  and  opera¬ 
tions;  and 

•  altemateworksitestandards  based  on  publica¬ 
tions  relating  to  worksite  exposure  criteria. 

The  army  uses  alternate  standards  in  lieu  of  existing 
OSHA  standards  or  when  no  OSHA  standard  exists. 
The  current  ACGIH  TLVs“  are  used  in  DA  military 
and  civilian  worksites  if  the  OSHA  PELs  are  less  strin¬ 
gent  or  if  no  OSHA  standard  exists. 

Outside  the  continental  United  States,  DA  OSH 
standards  apply  to  Industrial  Hygiene  Program  activi¬ 
ties  unless  Status  of  Forces  Agreements  (SOFAs)  re¬ 
quire  United  States  military  forces  overseas  to  comply 
with  more  stringent  laws  in  host  countries.  In  the 
absenceofSOFAs,themoststringentapplica.bleUnited 
States  regulations  apply. 

The  relationship  of  the  current  sample  to  the  histori¬ 
cal  record  of  sample  results  that  is  kept  in  the  HHIM 
must  also  be  kept  in  mind.  A  significant  difference 
from  the  historical  record  could  be  the  result  of  an 
unreported  change  in  the  work  routine  or  the  chemical 
supply.  It  could  also  be  nothing  more  than  a  human 
error  in  sample  collection,  transport,  or  analysis.  In 
any  case,  when  the  record  shows  comparable  results 


120 


Industrial  Hygiene 


that  suddenly  change,  industrial  hygienists  must  look  exposure  levels.  Gradually  changing  exposures  could 
closely  at  both  industrial  operatioas  and  industrial  re^throminappropriatemaintenanceofcontrolequip- 
hygiene  procedures.  Another  use  of  HHIM  records  is  ment,  progressive  operational  changes,  or  deteriorat- 
to  display  either  increasing  or  decreasing  trends  in  ing  chemical  purity. 

CONTROLLING  HAZARDS 


After  industrial  hygienists  have  characterized  the 
hazards  of  a  worksite,  they  provide  recommendations 
to  control  or  eliminate  them.""”"*  Control  measures 
are  classifted  as  primary  and  secondary.  Not  every  type 
of  control  is  necessary  or  appropriate  in  every  situa¬ 
tion:  the  ivillingness  of  the  employees  to  accept  and 
use  the  controls,  the  operating  costs,  and  maintenance 
problems  must  all  be  considered. 

Primary  Controls 

Primary  controls — substitution,  isolation,  and  local 
exhaust  ventilation — prevent  or  eliminate  worker  ex¬ 
posure. 

Substitution 

Some  hazards  can  be  eliminated  by  subsHtuting  a 
less  hazardous,  yet  effective  chemical  for  the  hazard- 
ou,s  one  (chemical  substitution),  or  changing  the  pro¬ 
cess  that  produces  the  hazardous  exposure  (process 
substitution). 

Although  it  is  one  of  the  best  primary  control  mea¬ 
sures,  chemical  substitution  is  not  without  its  own 
risks  if  it  is  not  fully  researched  before  implementa¬ 
tion,  and  carefully  monitored  thereafter.  For  example, 
an  unsuccessful  chemical  substitution  occurred  in  the 
dry  cleaning  industry:  carbon  tetrachloride  was  sub¬ 
stituted  for  petroleum  naphtha  to  eliminate  a  ffre 
hazard.  When  carbon  tetrachloride  was  later  found  to 
be  associated  with  liver  damage,  chlorinated  hydro¬ 
carbons  such  as  trichloroethylene  and  perchloro^yl- 
ene  were  substituted.  Perchloroethylene  is  now  listed 
as  a  suspected  carcinogen. 

Fluorinated  hydrocarbons  (Freons)  have  also  been 
suggested  for  dry  cleaning,  and,  because  they  have 
very  low  inhalation  and  ftre  hazard  properties,  they 
appear  to  be  safe.  However,  these  compounds  are  not 
without  toxidty  and  also  contribute  to  the  deteriora¬ 
tion  of  the  earth's  ozone  layer  (sec  Chapter  13,  Sol¬ 
vents,  Fluorocarbons,  and  Paints). 

Likechemicalsubstitution,process substitution  can 
effectively  control  hazards.  In  many  cases,  the  process 
itself  increases  exposure  levels  by  spewing  the  chemi¬ 
cal  into  the  air  or  by  transforming  the  chemical's 


physical  state  to  one  that  more  readily  gains  entry  into 
(or  onto)  the  worker.  For  example,  instead  of  welding 
metals  together  with  oxyacetylene  or  electric  arc  tech¬ 
niques,  welders  can  join  metals  by  bolting,  riveting, 
or  resistance  spot  welding.  These  processes  gener¬ 
ate  virtually  none  of  the  metal  and  flux  (an  antioxida¬ 
tion  compound)  fumes  associated  with  oxyacetylene 
or  electric  arc  welding.  Another  example  of  process 
substitution  can  be  seen  in  a  painting  operation.  In¬ 
stead  of  spray  painting  parts,  workers  could  dip  them 
or  use  electrostatic  painting.  Dipping  reduces  ex-po- 
sure  to  both  paint  solvents  and  paint  pigments,  and 
electrostatic  spray  painting  controls  exposure  mainly 
to  the  pigments.  Another  example  is  the  substitu¬ 
tion  of  wet  grinding  for  dry.  This  substitution  reduces 
dust  generation  and  therefore  reduces  possible 
exposures. 

Isolation 

Isolation  is  a  control  technique  that  imf>oses  a  bar¬ 
rier  between  the  worker  and  the  hazard.  Barriers  are 
generally  distance  or  a  physical  structure.  In  some 
cases,  merely  increasing  i^e  distance  between  the 
worker  and  Ae  hazard  can  reduce  the  hazard  poten¬ 
tial,  especially  for  hazards  such  as  heat,  noise,  or 
radiation,  where  intensity  ftiUs  off  rapidly  with  dis¬ 
tance.  Physical  barriers  can  be  as  simple  as  a  small 
operator's  booth  above  the  process  or  a  reflective  wall 
b^een  the  worker  and  a  radiant  heat  source.  How¬ 
ever,  complicated  isolation  systems  (eg,  enclosing  the 
whole  process  or  monitoring  the  work  via  television 
cameras)  may  sometimes  be  necessary.  If  hazards  are 
completely  isolated  within  processsitcs,consideration 
must  be  given  to  the  hazard  that  will  occur  if  a  worker 
must  enter  the  isolated  machine  or  operation.  In  these 
cases,  the  exposure  can  suddenly  iiKrease  ftom  zero  to 
extremely  high  levels.  Industrial  hygienists  must  pre¬ 
pare  for  such  emergencies  in  advance. 

Although  PPE  and  work  schedules  serve  as  physi¬ 
cal  and  temporal  barriers  to  hazardous  exposure,  nei¬ 
ther  is  coirsidered  to  be  an  isolation  technique.  Both 
allow  for  more  actual  contact  with  the  hazard  than  the 
other  primary  controls  and  therei'::re  are  classified  as 
secondary  controls. 
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Local  Exhaust  Ventilation 

Properly  designed,  installed,  and  maintained  local 
exhaust  ventilation  prevents  exposure  by  capturing 
the  contaminant  at  its  source  and  removing  it  ^fore  it 
reaches  the  worker's  breathing  zone.  However,  the 
phrase  "properly  designed,  installed, and  maintained" 
does  not  fully  convey  the  complicated  nature  of  venti¬ 
lation  design  nor  the  importance  of  adequate  ..ystem 
maintenance  (Table  4-5).  A  complete  understanding 
of  ventilation-system  work  requires  significant  train¬ 
ing  and  experience.  The  ACGIH  publishes  a  manual 
detailing  the  engineering  of  industrial  ventilation, 
which  is  revised  frequently.” 

Secondary  Controls 

Secondary  controls  are  used  to  reduce,  but  not 
entirely  eliminate,  exposure  and  include  (<i)  general 
ventilation,  (b)  PPE,  (c)  worksite  monitors,  (d)  medical 
surveillance,  (e)  administrative  controls,  and  {/)  train¬ 
ing  and  education.  Occasionally,  several  types  of 
primary  and  secondary  controls  are  employed  to¬ 
gether  to  control  exposure. 

General  Ventilation 

Oneralvcntilationdilutesacontaminantwithciean 
air  to  concentrations  below  the  accepted  standards. 


However,  industrial  hygienists  must  consider  the  pos¬ 
sible  shortcomings  of  general  ventilation  as  a  method 
of  exposure  control.  For  example,  the  contaminant 
must  not  recirculate  into  the  work  area  through  adja¬ 
cent  air  inlets  and  outlets.  Buildings  with  designed  air 
recirculation,  intended  to  save  money  on  air-tempera- 
ture  adjustment  or  filtration  systems,  can  cause  the 
same  problem.  C^neral  ventilation  permits  ivorkers  to 
be  exposed  to  the  contaminant;  therefore  it  should  not 
be  us^  as  a  control  for  very  toxic  material,  or  when  the 
contaminant  cannot  be  diluted  because  workers  are 
close  to  the  source.” 

Personal  Protective  Equipment 

PPE  must  only  be  used  as  interim  measures,  or  if 
engineering  control  absolutely  is  not  feasible.  These 
devices  do  not  remove,  reduce,  or  eliminate  hazards 
from  the  worksite;  they  are  merely  insubstantial  barri¬ 
ers  bctw'een  the  worker  and  the  hazard.  Effective  PPE 
is  available  for  use  as  a  temporary,  emergency,  or 
short-term  control.’^ 

No  PPE  is  effective  unless  it  is  properly  used.  Any 
misuse  or  failure  of  the  protective  equipment  will 
cause  the  worker  to  be  exposed  to  the  contami¬ 
nant.  Unfortunately,  most  PPE  is  uncomfortable  and 
workers  may  missuse  the  devices.  Respirators,  hear¬ 
ing  protection,  face  shields,  gloves,  and  other  PPE 
can  cause  physical  and  mental  strain  if  they  must 


TABLE  4-5 

LOCAL  EXHAUST  VENTILATION 


Design  Flaw 
90“  turns  in  ducting 

Failure  to  provide  make-up  air  to  replace  exhaust  air 
Underestimating  ventilation  airflow  system  resistance 
Use  of  blast  gates 
Improper  sizing  of  ducting 


Resultant  Problem 

Increased  airflow  resistance 

System  resistance  and  drafts 

Undersized  fairs  and  motors 

Inadequate  control  of  airflow,  system  imbalance 

Inadequate  control  of  airflow 


Maintenance  Requirement 


Problem  Created  by  Omitting  Procedure 


Lubrication  of  fan  and  motor  bearings 
Tightcning/replacing  fanbeJts 
Cleaning/rcpladng  clogged  filters 
Cleaning  of  fan  belts 

Confirmation  of  proper  direction  of  fan-blade  rotation 


Bearing  seize-up,  airflow  stoppage,  and  equipment  damage 
Little  or  no  air  movement 

Inaeased  airflow  rcsistano*  and  decreased  contamination  control 
DcCTcased  fan  efficiency 
Little  or  no  air  movement 
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be  womall  day.  Therefore,  industrial  hygienistsshould 
strive  to  use  primary  controls  so  that  PPE  is  unnec¬ 
essary. 

Respirators.  The  classifications  of  respirators  in¬ 
clude  (a)  air  purifying  respirators,  (W  air  supplying 
respirators,  and  (c)  self-contained  breathing  appara¬ 
tuses.  The  air  purifying  respirators  remove  contami¬ 
nants  by  filtration,  absorption,  adsorption,  or  catalytic 
action.  Air  supplying  respirators  provide  breathable 
air  from  compressors,  blowers,  or  air  cylinders.  Self- 
contained  breathing  apparatuses  supply  air  to  the 
worker  froiaa  rebreathing  device  or  an  air  tank  that 
the  worker  carries. 

The  proper  selection,  use,  escape  requirements,  and 
care  of  respirators  is  a  complex  subject;  the  currently 
accepted  respirator  selection  decision  logic  must  be 
full^  considered  before  utilizing  respirators  (Figure  4- 
18).  ^  Such  concerns  as  the  level  of  exposure,  oxygen 
level,  warning  properties  of  contaminants,  protection 
levels  of  each  respirator  class,  carcinogenic  properties 
of  the  contaminants,  immediate  danger  to  life  or 
health,'*  levels  of  the  contaminants,  escape  require¬ 
ments,  and  approval  restrictions  must  be  fully  consid¬ 
ered  before  respirators  are  utilized.  NIOSH,  the  ac¬ 
cepted  approval  authority,  and  AlH  A  publish  detailed 
materials  on  these  subjects.''"'*’  These  must  be  read  and 
understood  before  selecting  respirators  as  protective 
devices. 

Once  qualified  personnel  have  selected  the  proper 
respirator,  workersand  supervisors  must  receive  train¬ 
ing  regarding  its  proper  use  and  care.  Workers  and 
supervisors  must  understand  the  rationale  behind  the 
use  of  respirators  iirstead  of  engineering  controls.  The 
user  must  be  fully  involved  to  understand  the  need  for 
using  such  uncomfortable  protective  equipment.  Ex¬ 
isting  OSHA  and  US.  Army  regulations  also  contain 
details  concerning  the  full  requirements  for  a  complete 
respirator  program."*'^*'" 

Eye  and  Face  Protection.  Eye  and  face  protection 
provide  a  barrier  against  hazards  ranging  h-om  liquid 
chemicals  to  solid  projectiles  to  intensive  light  radia¬ 
tion.  Individuals  who  select  the  protective  devices 
must  know  the  form  of  the  hazard.  For  example, 
chemical  splashes,  mists,  and  streams  require  different 
levels  of  protection,  ranging  from  chemical-splash 
goggles  to  full-face  shields.  Similarly,  various  levels 
and  forms  of  intense  visible,  infrared,  and  ultraviolet 
light  also  require  different  protection  levels  in  goggles 
and  welders'  face  shields:  oxyacetylene  cutting,  for 
example,  does  not  require  the  level  of  eye  protection 
against  intense  light  that  is  needed  for  electric  arc 
welding. 

G/oresfln<fOt/fcrC/offcin^.Gloves,leggings,boots, 


aprotrs,  and  other  protective  clothing  provide  a  bar¬ 
rier  to  chemicals  that  either  affect  the  skin  itself,  or 
gain  entry  to  the  body  through  the  skin.  Protective 
clothing  is  made  with  myriad  materials,  each  with 
different  permeation  characteristics  for  different 
chemical  groups.  These  characteristics  range  from 
easily  penetrated  to  very  protective.'*'*®  When  select¬ 
ing  protective  clothing,  industrial  hygienists  should 
consider  not  only  an  item's  protective  ability,  but  also 
its  comfort  and  fit,  and  the  likelihood  that  workers  will 
wear  it. 

Worksite  Monitors 

Worksite  monitors  are  warning  devices  that  signal 
when  3  preset  limit  of  exposure  has  been  reached. 
These  devices  have  some  value,  but  they  allow  expo¬ 
sure  lower  than  the  monitoi'’s  alarm  setting  tooccor.  If 
worksite  monitors  are  not  calibrated  or  maintained, 
exposures  can  occur  well  above  standards  or  settings. 
Additionally,  if  monitor^  are  too  sensitive  or  are  set  at 
too  low  a  level,  workers  may  either  ignore  or  disable 
the  frequent  warning  signal. 

Medical  Surveillance 

Med  ical  surveillance  isan  important  secondary  con¬ 
trol  because  it  alerts  medical  personnel  that  potential 
overexposures  are  occurring  This  control  can  also 
identify  those  hypersusceptible  individuals  who  might 
have  adverse  effects  at  exposures  below  the  standards. 
Although  medical  surveillance  allows  early  detection, 
exposure  to  the  hazard  has  already  occurred. 

Administrative  Controls 

Exposure  time  limits  and  standing  operating  proce¬ 
dures  (SOPs)  are  administrative  controls.  Exposure 
time  limits  ensure  that,  although  short-term  exposures 
over  the  exposure  standard  may  occur,  the  8-hour 
TWA  remains  below  the  standard.  Operational  SOPs 
direct  the  correct  use  of  chemicak  or  personal  protec¬ 
tion.  However,  unless  these  controls  are  enforced, 
overexposure  can  certainly  occur. 

Training  and  Education 

Workers,supervisors,engineers,and  managers  need 
to  know  and  understand  the  hazards,  their  health 
effects,  and  the  protective  techniques  rccomn«ended. 
The  communication  of  worksite  hazards  to  workers  is 
now  not  only  a  basic,  common-sense  requirement,  it 
is  also  a  federal  regulation.'**' 
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CO.  Cortatninart  Concentration 
EL’  ExpoGUe  UrT!ft 
ESU:  End  of  Service  Utokvtcator 
FF:  Ful  Feoepieoe 

lOLH:  tnwTierialely  Dangerous  touts  Of  Heath 
PO;  Pressure  Demand 
PF:  Proferclion  Factor 

PFa:  AssignedPf 
PFimin:  MnitrumPF 
PP;  Postive  Pressure 
SC8A:  SeKContairang  Breasting  Apparstus 
SAR:  SuppierFAirRespiralor 
A’:  SCBAwthFF  operated  in  PO  or  PP  mode 

B*;  Type  Caippiedairraipiraior(aitfine)  operated  in  PO  or  PP 
trtode  *10;  aiDdiaty  SC8A 

C*:  Escapereepiraiororgasmasketthappropristefiar^sortwnl 

(Subpeiagrapfi  5);  V  p;  defcaertt.  Start  SOSA 


Fig.  4-18.  The  National  Institute  of  Occupational  Safety  and  Health's  (NIOSH's)  Respirator  Decision  Logic  provides  a  basis 
for  selecting  appropriate  respirators.  Users  must  first  determine  if  a  primary  control  is  required,  and  must  fully  under¬ 
stand  the  nuances  of  each  decision  point.  A  decision  to  use  respiratory  protection  indicates  tha:  a  respiratory  hazard  exists; 
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therefore,  pr»p'  ctionisaseriousuitdertaking.CrdednumbersrefertofuU-textdescriptionsoftherespiratoiydedsion 
logic  in  th"  s'^  Jocuinent.  Reprinted  from  US  Department  of  Health  and  Human  Services.  NIOSH  Respirator  Decision 
Logic.  USD. ?HS,  CDC,  NIOSH;  1987: 19-20.  DHHS  (NIOSH)  Publication  87-108. 
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SUMMARY 


Industrial  hygiene  in  ihe  U.S.  Army  and  the  United 
States  developed  apace.  The  need  to  keep  healthy, 
trained,  productive  personnel  at  materiel-production 
facilities  operating  at  full  capacity  during  our  wartime 
mobilizations  provided  the  initial  impetus  for  the  field 
of  occupational  health  and  the  subdiscipline  of  indus¬ 
trial  hygiene.  Tlie  utility  of  hazard  identification  and 
control  in  the  workplace  has  not  hided.  The  expansion 
of  industrial  hygiene  operations  in  the  army  and  in  the 
United  States  h^  significantly  improved  both  quality 
of  life  and  productivity. 

Industrial  hygiene,  occupational  healthcare,  and 
occupational  safety  have  separate  but  interrelated  re¬ 
sponsibilities.  Their  shared,  broadly  based  concerns 
and  interests  make  their  close  cooperation  and  coordi¬ 
nation  essential.  Trained  and  experienced  industrial 
hygienists  are  necessary  to  define  work  practices,  un- 


dcrstaird  and  use  appropriate  moiutoring  equipment, 
analyze  exposure  data  in  relation  to  the  route  of  entry 
and  action,  and  determine  the  best  control  measures. 

The  basic  goal  of  industrial  hygiene  is  simple;  iderv 
tify,  evaluate,  and  control  worksite  hazards.  However, 
putting  this  into  practice  requires  extensive  education 
aird  experience.  Irvdustrial  hygienists  must  be  aware  of 
the  many  sources  of  error  in  industrial  hygiene  meas¬ 
urements.  Eliminating  or  controlling  systematic  arrd 
raixiom  error  is  a  matter  of  a^ressive  quality  control 
and  quality  assurarKe,  artd  of  the  appropriate  statistical 
treatnaent  of  data.  Occupational  health  professionals 
should  be  a  ware  of  sources  of  error,  be  alert  for  flawed 
exposure  estimates,  and  be  prepared  to  ask  the  hard 
questions  necessary  to  perform  their  true  preventive 
medicine  mission;  eliminating  and  controlling  occu¬ 
pational  health  hazards  before  they  can  do  harm. 
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INTRODUCTION 


Whether  large  or  small,  healthcare  hiciiities  are 
complex  environments  in  which  biological,  chemical, 
and  physical  agents  pose  potential  threats  to  the  health 
of  patients,  staff,  and  visitors.  Hospitals,  medical 
clinics,  and  dental  clinics  that  p;^vide  primary  medi¬ 
cal  care  are  the  most  common  healthcare  facilities. 
Within  the  US.  Army  Medical  Department  (AMEDD), 
other  research  and  service  laboratories  and  veterinary 
clinics  also  contain  many  of  the  potential  health  threats 
that  are  found  in  the  primary  medical  care  facilities. 


AMEDD  also  uses  deployable  field  medical  treatment 
facilities  (MTEs).  These  militarily  unique  MTFs  pose 
greater  challenges  in  the  control  of  potential  health 
threats  thanare found  in  fixed  medicalfadlibes.  Effec¬ 
tively  dealing  with  these  potential  health  threats,  re¬ 
gardless  of  the  specific  environment,  requires  knowl- 
^ge  about  the  hazards  that  might  be  present,  the 
ability  to  define  the  nature  and  extent  of  exposure,  and 
the  expertise  to  develop  and  implement  risk-reduction 
programs. 


HISTORY 


Ironically,  patients  themselves  pose  risks  to 
healthcaieworkers.Thesenot-insignific3ntrisks  range 
from  contracting  seemingly  minor  afflictions  such  as 
musculoskeletal  discomfort  to  death  from  any  number 
of  infectious  diseases  such  as  tuberculosis  and,  in  our 
own  time,  blood-borne  pathogens.  Bernardino 
Ramazzini  (1633-1714),  the  Italian  physician  whom 
we  acknowledge  as  the  father  of  occupational  medi¬ 
cine,  recognized  such  hazards  to  healthcare  workers 
when  he  described  dermatitis  and  exhaustion  as  dis¬ 
eases  of  midwives  in  1713.'  The  labor  chair  (which 
required  the  midwife  to  stand  in  an  uncomfortable 
position)  probably  contributed  to  exhaustion;  the  con¬ 
stant  bathing  of  the  hands  in  lochia  probably  caused 
dermatitis.  Ramazzini  favored  the  new  practice  of 
having  the  patient  labor  and  deliver  in  bed  to  ease  the 
work  of  the  midwives.''^ 

The  terrible  mortality  that  characterized  hospitals 
before  the  20th  century  was  at  least  partially  iatrt^enic 
in  origin.  Dr.  Philipp  Ignaz  Semmelweis  (1818-1865), 
as  a  result  of  his  w’ork  on  puerpueral  fever,  realized 
that  by  introducing  a  few  simple  maneuvers,  he  could 
reduce  the  mortality  of  this  disease.  He  initiated 
rou  tine  handwashingby  healthcare  workersmore  than 
a  century  ago.  During  the  second  half  of  the  19th 
century,  Florence  Nightingale  (1820-1910),  who  per¬ 
ceived  that  hospitab  were  hazardous  not  only  to  pa¬ 
tients  but  also  to  those  who  took  care  of  them,  intro¬ 
duced  cpen-windowventilationand  worked  to  reduce 
patient  overcrowding.  Although  most  hospital  haz¬ 
ards  were  considered  to  pose  risks  to  patients  rather 
than  to  the  staff,  aitem[^  such  as  these  tb  protect 
patients  also  benefited  healthcare  workers.^ 

The  present  emphasb  on  the  hazards  of  blood- 
borne  pathogens— ix>th  from  patient  to  healthcare 


workers  and  vice  versa — may  be  the  most  dramatic, 
but  it  should  not  obscure  the  numerous  other,  subtle 
hazards  that  also  threaten  healthcare  workers.  New 
hazards  appeared  during  the  early  19(X)s  when  physi¬ 
cians  were  exposed  to  radiation  while  experimenting 
with  X  rays,  and  operating  room  personnel  faced  pos¬ 
sible  explosions  and  other  adverse  health  effects  during 
surgery  when  flammable  anesthetic  gases  were  used. 

Until  recently,  healthcare  fociiities  were  tradition¬ 
ally  considered  safer  than  other  work  environments 
berause  employees  were  generally  viewed  as  provid¬ 
ers,  not  as  tvork^  exposed  to  a  wide  variety  of  hazards. 
The  fact  b,  however,  that  hospitabare  oriented  toward 
reducing  mortalit>'  and  morbidity  firom  disease,  not 
prevention.  As  a  result,  few  resources  have  been  allo¬ 
cated  for  occupational  exposures,  and  safety  and  health 
standards  for  healthcare  facilities  were  promulgated 
only  to  protect  patients.^  The  National  Institute  of 
Oxupational  Safety  and  Health  (NIOSH)  has  identi¬ 
fied  several  factors  that  have  contributed  to  the  lack  of 
emphasb  on  the  health  of  workers  in  the  healthcare 
industry,  iiKluding  the  belieb  that 


•  hospital  workers  were  health  professionab  ca¬ 
pable  of  maintaining  their  own  health  without 
assbtance,  and 

•  infomulconsultationswithhospitalphysidans 
would  replace medical-facilitj'employee health 
services.* 


To  correct  these  misconceptions,  safety  and  health 
standards  have  been,  and  continue  to  be,  developed  by 
various  federal,  national,  and  licensing  orgartizations 
and  agencies.  Within  the  realm  of  their  application, 
these  standards  are  addressed  later  in  thb  chapter. 
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TYPES  OF  HAZARDS 

During  the  normal  course  of  activities  in  healthcare  to  those  in  industrial  environments,  while  others  are 
facilities,  exposures  to  (a)  chemical;  (b)  biological;  (c)  unique  to  the  healthcare  setting;  some  exposures  occur 
physical,  including  ergonomic;  and  (d)  psychosocial  throughoutahealthcarefaciiit}',whileothersarelocal- 
hazards  occur  routinely.  Some  exposures  are  similar  ized  in  a  specific  area  (Exhibit  5-1).  Variations  in 


EXHIBITS-! 

OCCUPATIONAL  HAZARDS  IN  AMEDD  HEALTHCARE  FAaLITIES* 


Maintenance  and  Engineering 

Adhesives 
Ammonia 
Asbestos 

Carbon  monoxide 
Cold 

Ethylene  oxide 
Fluorocarbons 
Fuels 
Heat 

Lubricants 
Mercury 
Noise 
Oils 
Paints 
Pesticides 
Sewage 
Solvents 
Welding  fumes 
Nuclear  Medicine 
Biological  agents 
Radionuclides 
Pathology 
Biological  agents 
Embedding  media 
Rxatives 
Fluorocarbons 
Formaldehyde 
Glutaraldehyde 
Phenols 
Solvents 
Xylene 
Patient  Care 
Antineoplastic  agents 
Biological  agents 
Hazardous  drugs 
Mercury 
Radiation 
Sharps 

'Musculoskeletal  strain,  psychological  stress,  and  safety  (such  as  electrical  and  explosive)  hazards  arc  not  irxiuded 


Phasmacy 

Antineoplasdc  agents 
Hazardous  drugs 
Radiology 
Developer  chemicals 
Magnetic  radiation 
X  radiation 

Operating  and  Delivery  Rooms 

Anesthetic  gases 
Antiseptics 
Biological  agents 
Ethylene  oxide 
Lasers 

Methyl  methacrylate 
Sharps 

Central  Supply 
Alcohol 

Ammonia  compounds 
Biological  agents 
Detergents 
Dusts 

Ethylene  oxide 

Fluorocarbons 

Formaldehyde 

Glutaraldehyde 

Mercuiry 

Noise 

Sharps 

Soaps 

Xylene 

Dialysis  Units 
Biological  agents 
Disinfectants 
Formaldehyde 


Dental  Service 

Anesthetic  gases 
Biological  agents 
Compressed  gases 
Ethylene  oxide 
Formaldehyde 
Mercury 

Methyl  methacrylate 
Noise 
Radiation 
Vibration 
Housekeeping 
Biological  agents 
Detergents 
Disinfectants 
Glutaraldehyde 
Sharps 
Soaps 
Solvents 

Veterinary  Qinic 
Anesthetic  gases 
Biological  agents 
Disinfectants 
Pesticides 
Sharps 

Cast  and  Brace  Shops 

Adhesives 
Dusts 
Noise 
Solvents 
UV  radiation 
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services,  patient  types,  and  staff  make  the  listing  of 
every  specific  exposure  for  ail  healthcare  facilities 
imjTossible;  therefore,  this  chapter  addresses  only  the 
more  typical  exposure  hazards.  The  comprehensive 
identification  of  health  hazards  and  elimination  or 
control  of  these  hazards  is  a  responsibility  of  each 
individual  workplace — whether  an  industrial  or  a 
healthcare  facility.  In  any  ocojpational  setting,  the 
methods  for  hazard  identification  and  control  utilize 
good  industrial  hygiene  practices  (see  Chapter  4,  In¬ 
dustrial  Hygiene). 

Chemical  Hazards 

Exposures  tochemicals — solids,  liquids,or  vapors — 
occur  through  dermal  absorption,  inhalation,  or  inges¬ 
tion.  The  health  effects,  which  can  be  acute  or  chronic, 
from  exposure  to  chemicals  range  from  mild  (derma¬ 
titis)  to  severe  fmulagenicity,  teratogenicity,  and  carci¬ 
nogenicity).  The  effects  depend  on  the  extent  (concen¬ 
tration  and  duration)  of  exposure,  the  route  of  exposure, 
and  the  physical  and  chemical  properties  of  the  sub¬ 
stance.  The  health  effects  that  a  chemical  substance 
exerts  may  also  be  related  to  simultaneous  exposure  to 
other  chemical  or  physical  agents.’  In  most  cases, 
exposures  resulting  from  chemical  accidents,  spills, 
leaks,  fires,  and  ventilation  failures  are  more  common 
than  are  problems  from  chronic  exposure.^ 

The  most  common  manifestation  of  toxicity  from 
exposure  to  chemicals,  and  the  most  prevalentoccupa- 
tional  illness  among  healthcare  workers,  is  contact 
dermatitis.  Nurses  who  administer  drugs  have  the 
highest  incidence.  Housekeeping  personnel,  whose 
skin  is  frequently  in  contact  with  cleanersand  disinfec¬ 
tants,  are  second.  Dennatological  reactions  are  also 
common  among  kitchen,  radiography,  pathology,  sur¬ 
gical,  and  maintenance  personnel  from  exposures  to 
cleaners,  disinfectants,  solvents,  and  other  chemical 
solutions.*"^ 

Exposures  to  aerosols  and  vapors  are  also  poten¬ 
tially  hazardous.  Typical  exposures  include 

•  operating  room  personnel  to  anesthetic  gases, 

•  pharmacy  and  nursing  personnel  to  antineo¬ 
plastic  agents  and  hazardous  drugs, 

•  central  material  supply  workers  to  ethylejre 
oxide, 

•  laboratory  workers  to  aromatic  solvents  and 
formaldehyde,  and 

•  dental  personnel  to  mercury. 

The  multitude  of  chemicals  found  in  healthcare 
settings  prohibits  their  individual  discussion,  but  sev¬ 
eral  that  have  become  notorious  as  a  result  of  their 


mutagenic,  teratogenic,  carcinogenic,  or  acute  toxicity 
warrant  attention.  These  include  (a)  anesthetic  gases, 
(b)  antineoplastic  agents  and  hazardous  drugs,  (c) 
ethylene  oxide,  (d)  formaldehyde,  (e)  mercury,  and  (/) 
methylmethacrylate.  Numerous  other  chemicals,  in¬ 
cluding  solvents,  reagents,  and  disinfectants  are  also 
used  in  healthcare  facilities  and  may  be  potentially 
hazardous  to  employees  (Table  5-1).  The  scientibc 
literature  contains  a  wealth  of  information  pertaining 
to  the  hazardous  properties  of  chemicals.'"” 

Anesthetic  Gases 

Anesthetic  gases  (such  as  nitrous  oxide,  halothane 
(Fluothanel,  enflurane  [Ethrane],  and  isoflurane 
(Foranel)  can  be  released  into  work  areas  of  the 
healthcare  facility:  operating  rooms,  recovery  rooms, 
labor  and  delivery  rooms,  dental  operatories,  and  vet¬ 
erinary  clinics.”'"’  The  implicatiorrs  of  occupatioiral 
exposure  to  low  concentrations  of  common  anesthetic 
agents  remains  controversial.*  ”'”  The  evidence  for 
specific  chronic  effects  and  the  exposure  concentra¬ 
tions  at  which  they  occur  are  conflicting;  however,  the 
literature  consistently  indicates  an  association  with 
various  short-term,  acute  effects  such  as  neurotoxicity. 
Workers  exposed  to  excessive  amounts  of  anesthetic 
gases  complain  about  feeling  as  if  they  themselves  are 
anesthetize.  They  experience  drowsines.s,  irritabil¬ 
ity,  depression,  headache,  nausea,  fatigue,  and  im¬ 
paired  judgmentand  coordination.”’^”  These  behav¬ 
ioral  modifications  are  of  great  concern,  particularly  in 
the  operating  room,  where  they  can  compromise  sur¬ 
gical  success  and  the  health  of  the  operating-room 
personnel. 

Assessing  the  long-term  effects  of  exposure  to  anes¬ 
thetic  agents  is  more  difficult.  The  chronic  effects  of 
anestheticgasexposuresareusuallyidentified  through 
retrospective  epidemiological  studies,  followed  by 
confirmationai  animal  studies.  The  conclusion;  that 
could  be  drawn  in  some  studies  of  chronic  low-level 
exposures  have  been  limited  due  to  the  lack  of  quanti¬ 
tative  exposure  data  and  heavy  reliance  on  informa¬ 
tion  from  questionnaires.*  ”’"^*  However,  chronic  ex¬ 
posure  to  Wt  ste  anesthetic  gases  has  been  associated 
with  increasttj  risk  of  spontaneous  abortion  in  ex¬ 
posed  women  v'orkersand  the  wives  of  exposed  men. 
Other  adverse  reproductive  effects  among  exposed 
females  includeinvoluntary  infertilityand  infiints  with 
low  birth  weights  and  congenital  abnormalities.”’” 
Most  of  these  studies  took  place  before  scavenger 
systems  fi}r  recovering  of  wastegas  were  installed,and 
the  current  opinion  holds  that,  with  proper  function¬ 
ing  scavengers  and  ventilators,  the  risk  of  overexpo¬ 
sure  is  greatly  reduced.’^ 
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TABLE  5-1 

HAZARDS  OF  SELECTED  SOLVENTS,  REAGENTS,  AND  DISINFECTANTS* 


Chemicai 

Main  Biological  Effects 

Type  of  Work 

Work  Site 

OSHAFEL 

m29CFR 

Dioxane 

Potential  carcinogen 

Liver  and  kidney  injury 
Neurotoxidty 

Preparation  of  tissue  sections 
Radioimmunoassay 

Histology  lab 
Serology  lab 

1910.1000 

Benzene 

Cardnogen  (leukemia) 
Neurotoxidty 

Chemistry  procedures 

Laboratory 

1910.1028 

Benzidine-based  dyes 

Carcinogen  (bladder) 
Neurotoxidty 

Biological  stains 

Chemistry  procedures 

Print  dyes 

Histology  lab 
Chemistry  lab 
Print  shop 

1910.1010 

Xylene 

Neurotoxidty 
Cardiovascular  effects 
Reproductive  effects 

Liver  and  kidney  injury 

Solvent 

Tissue  processing 

Histology  lab 
Chemist^  lab 

1910.1000 

Toluene 

Neurotoxidty 
Cardiovascular  effects 
Reproductive  effects 

Liver  and  kidney  injury 

Solvent 

Tissue  processing 

Hbtology  lab 
Chemistry  lab 

1910.1000 

Chromic  acid 

Cardnogen  (lungs) 

Irritant 

Tissue  processing 

Histology  lab 

1910.1000 

Phenol 

Neurotoxidty 

Liver  and  kidney  injury 

Disinfection 

Housekeeping 

Laboratory 

1910.1000 

Glutaraldehyde 

Mutagenidty 

Respiratory  effects 
Dermatitis 

Tissue  fixation 

Disinfection 

Dermal  treatment 

X-ray  file  processing 

Histology  lab 
Central  supply 
Dermatology 
Radiology 

1910.1000 

Picric  add  (crystalline) 

Liver  and  kidney  injuries 
Dermatitis 

Gastrointestinal  effects 
Hematological  effects 

Chemistry  procedures 

Chemistry  lab 

1910.1000 

Azide 

Neurotoxidty 
Cardiovascular  effect 
Respiratory  effects 

Blood  chemistries 

Serology  lab 

None 

*Sce  29  CFR,  Part  1910  §  1000.  Occupational  Exposures  to  Hazardous  Chemicals  in  Laboratories. 


The  possibility  that  a  cardnogerJc  effect  could  re- 
stilt  from  exposure  to  anesthetic  gases  also  has  at¬ 
tracted  attention.^"®^^  Theconcemaboutthis  effect  is 
partially  due  to  the  structural  similarities  between 
known  human  carcinogens  (dibromoethane,  dichlor- 
oethane,  Ws-chloromethyl  ether,  and  chloromethyl 
methyl  ether)  and  several  of  the  halogenated  inhala¬ 
tion  anesthetics  now  in  use  (figure  5-1).  In  addition, 
anesthetic  compounds  can  be  transformed  into  reac¬ 
tive  metabolites,  which  can  combine  with  tissue  mac¬ 
romolecules  and  possibly  initiate  a  carcinogenic 


event”"*  Several  studies  have  noted  elevated  rates  of 
specific  cancers  in  hospital  persotmel  who  are  chroni¬ 
cally  exposed  to  anesfoetic  gases:  a  higher  incidence 
of  death  from  reticuloendothelial  and  lymphoid 
malignancies  was  reported  in  anesthesiologists^';  and 
a  3-fold  increase  in  malignancies,  which  included 
unusual  tumor  types,  was  also  noted  in  nurse  anes¬ 
thetists.^ 

Although  in  1977  NIOSH  recommended  a  standard 
to  limit  exposure  to  waste  anesthetic  gases,  no  federal 
regulatory  standard  currently  exists,'^  The  US.  Army 
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Fig.  5*1.  Among  the  halogenated  anesthetics  currently  in  use,  Ws-chloromethylether  isa  recognized  human  carcinogen,  with 
a  Threshold  Limit  Value-time-weighted  average  fTLV-TWA)  of  0.001  ppm.  The  structural  similarities  of  other  halogenated 
inhalation  anesthetics  give  rise  to  the  concern  that  they  may  also  play  a  role  in  the  development  of  cancer. 


Office  of  The  Surgeon  General  (OTSG)  promulgated 
the  U5.  Army  exposure  standards  in  1982  in  Technical 
BuUeHn,  Medical  (TB  MED)  510.“  TB  MED  510  has 
been  revised  and  the  1993 draft  revision  is  being  staffed 
at  OTSG.  This  draft  contains  the  proposed  army 
permissible  exposure  levels  (PELs),  which  are  the  same 
time-weighted  average  (TWA)  levels  shown  in  Table 
5-2.  These  particular  TWAs  are  calculated  from  air¬ 
borne  concentrations  that  are  measured  over  the  time 
the  anesthetic  is  administered.  Therefore,  they  are  not 
the  8-hour  TWA  exposures  typically  described  by  the 
Occupational  Safety  and  Health  Administration 
(OSHA)  PELS  or  the  American  Conference  of  Govern¬ 
mental  Industrial  Hygienists' Threshold  Limit  Values 
(ACGIH'sTLVs).  Thisguidanceapplies  to  field  hospi¬ 
tals  during  peacetime  training  but  does  not  apply  in 
combat  zones. 

When  a  halogenated  anesthetic  agent  is  used  in 
combination  with  nitrous  oxide,  the  TWA  exposure 
limit  becomes  25  ppm  for  nitrous  oxide  and  05  ppm 
for  the  halogenat^  agent.  This  reduction  in  the  expo¬ 
sure  limit  is  based  on  reported  decrements  in  worker 
performance,  which  are  believed  to  be  caused  by 
synergistic  effects  of  expwsure  to  both  classes  of  anes- 
theticagentssimultaneously,nottoanincTeased  health 
hazard.*^“  There  are  no  OSHA  PELs,  and  the  current 
TLVs  are  50  ppm  for  nitrous  oxide,  50  ppm  for 
halothane,  and  75  ppm  for  enflurane;  therefore,  the 
05-ppm  and  25-ppm  exposure  levels  for  nitrous  oxide 
when  used  in  conjunction  with  a  halogenated  anes¬ 
thetic  agent  (which  was  recommended  by  NIOSH  in 
1977)  isquiteconservative.  For  this  reason,  thecoiKept 
of  an  action  level  (one-half  the  PEL)  that  is  customarily 
used  in  occupational  health  is  not  applicable  to  expo¬ 
sure  limits  for  waste  anesthetic  gases. 

Exposure  to  waste  anesthetic  gases  can  be  con¬ 
trolled  by  following  the  guidelines  set  forth  in  TB  MED 
510  and  by  ensuring  that  employees  are  aware  of  the 
exposure  sources.  Employees  should  know  that  expo¬ 
sures  usually  result  from  ca>elcss  work  practices  (such 
as  an  improper  seal  with  the  patient's  mask,  not  elimi¬ 
nating  anesthetics  before  removing  the  patient's  mask 


or  endotracheal  tube,  and  not  washing  anesthetic  gas 
from  the  patient's  lungs  with  oxygen);  leaking  anes¬ 
thetic  equipment;  inadequate  waste-gas  collection  and 
containment  (scavenging  systems);  and,  to  a  lesser 
extent,  poor  general  ventilation. 

Antineoplastic  Agents  and  Hazardous  Drugs 

Antineoplaslic  agents  (cytotoxic  drugs)  are  chemi¬ 
cally  uiuelated  but  are  capable  of  inhibiting  tumor 
growth  by  disrupting  cell  division  and  killing  actively 
growing  cells.”  They  can  be  divided  into  structurally 
separate  drug  clas.ses:  (a)  alkylating  agents,  (b)  antibi¬ 
otics,  (c)  antimetabolites,  (d)  mitotic  inhibitors,  and  (e) 
a  miscellaneous  class  (Exhibit  5-2). 

Alkyla  tingagentsact  by  covalently  bindmgtoDNA, 
thus  interfering  with  normal  DNA  replication.  Antibi¬ 
otics  work  as  DNA  intercalators,  and  interfere  with 


TABLE  5-2 

PERMISSIBLE  EXPOSURE  LEVELS  (PELS) 
FOR  WASTE  ANESTHETIC  GASES 


Anesthetic  Gas 

Concentratioiu 

(ppm)* 

NjO 

50+ 

Halogenated  agents  used  alone 

2+ 

N2O  and  halogenated  agent 

25(forN2O)  +  05(for 

used  together 

halogenated  agent)! 

*Timc-wdj{hJed  averages  (TWAs) 

^cse  values  were  adopted  as  PELS  by  the  Catifomia  state 
Occupational  Safety  and  Health  Standards  Board  on  24  February 
1992  (General  Industry  Safety  Orders  §  5155) 
tSourcc.  National  Institute  for  Occupational  Safety  and  Health. 
Cnlenafdra  Recommended  Standard:  Occupalionat  Exposure  to  Waste 
Anesthetic  Cases  and  Vapors.  Cincinnati,  Oh:  NIOSH;  1 977.  DHEW 
(NIOSH)  PublicaHon  77-140. 
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EXHIBITS 

COMMON  ANTINEOPLASTIC  AGENTS* 

Alkylating  Agents 
Busulfan 

Carmustine  (BCNU) 

CCNU  (Lomustine) 

Chlorambucil 
Chloranphazin 
Cisplatin  (Platinol) 

Cyclophosphamide  (Cytoxan), 

(Neosar) 

Dacarbazine  (DIO  (OTIC) 

Melphalan  (Alkeran) 

Myleran 

Nitrogen  mustard  (Mustangen) 

Streptozocin  (Zanosar) 

Triethylene  thiophosphoramide 
(Thiotepa) 

Teosulfan 

Uracil  mustard  (Uramustine) 

*Ltst  is  not  exhaustive 


•  Exposure  to  antineoplastic  drugs  during  their 
first  trimester  of  pregnancy  was  found  to  be 
significantly  more  common  among  nurses  who 
gave  birth  to  nnalformed  infants  than  among 
those  who  delivered  normal  infants.^^ 

•  Astatisticallysignificantassociationwasfound 
between  occupational  exposure  to  antineo¬ 
plastic  drugs  during  the  first  trimester  of  preg¬ 
nancy  and  fetal  loss.® 

These  findings  suggest  thata  significant  reproductive 
risk  may  be  incurred  by  workers  who  handle 
antineoplasticagentsduringpregnancy.  Viituallyalithe 
reports  that  are  discussed  in  these  two  epidemiologi¬ 
cal  studies  describe  studies  performed  on  oncology 
nursing  and  pharmacy  personnel.  However,  several 
antineoplastic  agents-^clophosphamide,  for  ex¬ 
ample— -are  iiKreasingly  b^g  employed  for  iK>nmalig- 
nantillnesses.  Thus,  the  potential  for  exposing  workers 
in  other  sectOTS  of  the  healthcare  settii^  vrin  expand.^*'® 

While  the  primary  focus  of  occupatiorral  exposure 
to  these  agents  has  l^n  on  measures  of  mutagenicity 
and  potential  chronic  disease  outcome  (such  as  can¬ 
cer),  acute  effects  in  exposed  workers  have  ako  been 
reported  among  nurses  and  pharmacists  who  handle 
the  drugs.  These  effects  include  dizziness,  headaches, 
facial  flushing,  and  nausea®*®;  and  bronchospasm, 
vomiting,  and  diarrhea.*^ 


trarrscriptional  processes  in  protein  synthesis.  Anti¬ 
metabolites  block  the  synthesis  of  essential  cellular 
building  blocks  such  as  folate,  purines,  and  pyrimi¬ 
dines,  thereby  inhibiting  protein  synthesis.  Antimi¬ 
totic  agents  act  primarily  as  spindle  poisons,  and  block 
mitosis  and  normal  cell  division.  The  miscellaneous 
category’  contaiirs  agents  with  various  effect  mecha¬ 
nisms.  Several  of  these  agents  are  mutagenic,  carcino¬ 
genic,  and  toxic  to  the  reproductive  system  and 
are  discussed  in  greater  detail  later  in  this  chapter 
aable5-3).®^ 

Patients  treated  with  these  drugs  have  had  signifi¬ 
cant  adverse  outcomes:  hematopoietic  effects  and 
occurrences  of  second  malignancies  (usually  hema¬ 
tological  malignancies),®^impairedrcproductiveftmc- 
tion,*  immunosuppression,”*  and  case  reports  of 
malformed  infants  bom  to  treated  mothers.^*'”  These 
reports,  together  with  laboratory  evidence  of  the  mu¬ 
tagenic  activity  of  antineoplastic  agents,  have  trig¬ 
gered  concern  about  possible  long-term  health  risks 
to  healthcare  personnel  who  handle  these  drugs. 

Several  investigations  that  attempted  to  assess  this 
risk  found  increased  measures  of  mutagenicity,^^ 
but  contrarily,  others  found  no  excesses  in  workers 
who  handle  these  agents.*”  Two  epidemiological 
studies,  both  published  in  1985,  regarding  reproduc¬ 
tive  outcomes  of  female  workers  expe^  to  anli- 
neoplastics  are  notable: 


Antibiotics 
Bleomycin  (Blenoxane) 
Dactinomydn  (Actinomydn-D), 
(Cosmegen) 

Daunorubidn  (Cerubidine) 
Doxorubidn  (Adriamydn) 
Mithramydn  (Mithradn) 
Mitornydn  (Mulamydn) 

Antimetabolites 

Azaihioprine 

Cytosine  arabinoside  (Cytosar-U) 
Fluorouradl  (Adrudl) 
Mercaptopurine 
Methotrexate  (Mexate),  (Folex) 
Procarbazine  (Matulane) 


Mitotic  Inhibitors  (Vinca  alkaloids) 
Etoposide  (VP-16-213),  (VePesid) 
Vincristine  (Oncovin) 

Vinblastine  (Velban) 

Miscellaneous 

L-Asparaginase  (Elspar) 
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TABLE  5-3 

TOXIC  PROPERTIES  OF  REPRESENTATIVE  ANTINEOPLASTIC  AGENTS 


Agent 

Chromosomal 

Mutagenic*  Effects* 

Cardnogenict 

Teratogenic^ 

Actiiiomycin  D 

Chrab 

-t-  r.  m;  (+)  hum 

+  sevsp 

Adriamydn 

+ 

Chr  ab,  SCE 

+  r 

- 

Azacytidine 

-t- 

- 

(+)m 

+  m 

Azathioprine 

+ 

- 

(+)  m.  r;  +  hum 

-t-  sevsp 

Bleomydn 

- 

SCE 

- 

- 

Busulfan 

+ 

Chrab.  SCE 

(+)  m;  +  hum 

- 

Carmustine  (BCNU) 

+ 

Chrab 

+r 

+  r 

Chlorambudl 

+ 

Chrab 

(+)  m.  r;  i+)  hum 

- 

Cisplatin 

+ 

Chrab 

- 

- 

Cycloposphamide 

+ 

Chr  ab.  SCE 

+  m,  r,  hum 

+  sevsp 

Dacarbazine 

+ 

- 

+  m.  r 

+  sevsp 

Danunonibidn 

+ 

Chrab 

- 

- 

Fluorouradl 

- 

- 

- 

+  sevsp 

Isophosphamide 

+ 

Chrab 

(+)  m,  r 

+  m 

Lomustine  (CCNU) 

+ 

SCE 

+  T 

+  T 

Melphalan 

+ 

Chrab.  SCE 

+  m,  r,  hum 

- 

Mercaptopurine 

Chrab 

- 

+  ’’ev  sp 

Methotrexate 

+ 

Chrab 

- 

+  .'»;»  sp.  + hum 

Mitomydn  C 

Prednisone 

+ 

Chrab 

+  r.v> 

Procarbazine 

- 

+  m,  r 

+  r 

Streptozotodn 

+ 

- 

- 

- 

Thiolepa 

Chrab 

+  m.  r 

+  m.  r 

Treosulfan 

- 

Chrab 

+  hum 

- 

UradI  mustard 

+ 

- 

+  m,  r 

+  r 

Vinblastine  sulfate 

- 

- 

- 

+  sevsp 

Vincristine  sulfate 

+  . sevsp 

V:  muUgenic  to  bacterul  or  mammalian  cells  in  culture;-:  not  mutagenic  to  bacterial  or  mammalian  cells  in  culture 
Chr  ab,  increased  incidence  of  chromosomal  aberrations;  SCE,  increased  incidence  of  sister-chromatid  exchange 
sufficient  evidence;  (+):  limited  evidence  for  carcinogenicity  to  mice  <m),  rats  (r),  or  humans  (hum)  according  to  the  International 
Agency  for  Research  on  Cancer  (lARC) 

S-f:  teratogenic  to  mice  (m);  rats  (r);  rodents  (rod);  several  artimal  species  (sev  sp);  or  humans  (hum) 

Reprinted  with  permission  from  Ediing  C.  Anesthetic  gases.  In:  Brune  DK,  Ediing  C,  eds.  Occupational  Hazards  in  the  Health  Professions. 
Bou  Raton,  Fla:  CRC  Press,  Inc;  1989: 133.  OCRC  Press,  Inc,  Boca  Raton,  Fla. 


Thegenotoxicnatureofmanyoftheantineoplaslics, 
together  with  evidence  of  second  malignancies  in  ad¬ 
dition  to  the  occupational  populations  studied, 
prompted  OSHA  to  issue  guidelines  for  handling 
antineopiastic  drugs  in  1986.^  The  guidelines  recom¬ 
mend  the  use  of  laminar  airflow  biological  safety  cabi¬ 
nets  in  drug  preparations  as  well  as  personal  protective 
equipment  (PPE),  worker  education,  standing  operat¬ 
ing  procedures  (SOPs)  for  handling,  and  medic^  sur- 
ve^nce  for  workers.  Although  not  federal  standards 
{and  therefore  not  carrying  the  forceofIaw),these  guide¬ 
lines  may  be  enforced  under  the  OSHA  General  Duty 
clause  requiringemployerstoprovideasafeand  health¬ 


ful  workplace  free  of  known  hazards.”  Although 
OSHA  specified  little  detail  in  the  surveillance  exami¬ 
nation  content  recommended  for  drug  handlers,  some 
guidance  can  be  obtained  in  the  literature.*® 

Antineopiastic  agents  should  be  prepared  in  a  Class 
II  biological  safety  cabinet  (BSC)  that  confomrs  to  the 
current  National  Sanitation  Foundation  Standard  No. 
49(Rgure5-2).  AClassII,TypeABSCistheminimum 
requirement  for  worker  protection,  but  a  Class  II,  T3q)e 
B  ESC  is  preferred.*’  Class  I,  Types  A  and  BBSCs  have 
vertical,  laminar  airflow.  A  horizontal-airflow  cabinet 
must  never  be  used  for  preparation  of  antineopiastic 
agents:  it  blows  air  that  has  been  Altered  through  a 
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Fig.  5-2.  Qass  II  Laminar  Flow  Biological  Safety  Cabinet  (BSC).  The  laminar  airflow  through  the  high-efficiency  particulate 
air  (HEPA)  filter  in  the  supply  air  provides  sterile  working  conditions  fordrug  preparation.  The  BSC  also  protects  the  worker 
by  drawing  air  through  the  sash,  ^us  preventing  the  antineoplastic  agent  from  leaving  thecabinet  and  entering  the  worker's 
breathing  zone.  'iTie  air  passes  through  a  second  HEPA  filter  before  it  is  exhausted.  Source:  Noll  S,  Caldwell  DJ.  Guidelines 
for  the  Handling,  Administration,  and  Disposal  of  Cytotoxic  Drugs.  Aberdeen  Proving  Ground,  Md:  US  Army  Environmental 
Hygiene  Agency;  1987: 4.  Technical  Guide  149  (to  be  published  as  Technical  Bulletin  MED  515). 


high-efficiency  particulateairfilter  (HEP  A-filtered  air) 
over  the  work  area  to  keep  the  drug  sterile,  but  then 
exhausts  the  filtered  air  dir^y  into  the  drug  preparer's 
breathing  zone. 

The  blower  of  either  vertical-airflow  BSC  sb  •  ntld  be 
turned  on  at  all  times  (24  h/d,  7  d/wk).  Venting 
exhaust  air  to  the  outside  is  preferable  where  possible, 
and  is  required  with  a  Cl^  II,  T)rpe  B  BSC.*  The 
exhaust  air  should  be  filtered,  discharged  at  an  appro¬ 
priate  height  (13-fi}Id  greater  titan  the  height  of  the 
building),  and  directed  away  from  air-intake  units. 
Drugs  should  be  prerA^red  only  when  the  movable 
sash  is  fixed  at  the  required  operating  level  to  accom¬ 
modate  the  drug-reconstitution  proc^.ure. 

More  recently,  awareness  that  other  pharmaceuti¬ 
cals  in  the  hospital  setting  were  also  potentially  haz¬ 


ardous  but  v/ere  not,  strictly  speaking, antineoplastics, 
prompted  a  conunittee  of  the  American  Sodety  of 
Hospital  Pharmacists  ( ASHP)  to  definea  classof  agents 
as  hazardous  drugs.®  This  report  specified  concerns 
about  antineoplastic  and  nonantineopl3.stic  hazard¬ 
ous  drugs  in  use  in  most  institutions  throughout  the 
country.  The  antiviral  agent  zidovudine  (A  ZT)  should 
be  classified  £is  a  hazardous  drug  but  is  not  thought  of 
as  antineoplastic.  Recently,  AZT  was  found  to  be 
carcinogenic  in  animals  and  thus  is  a  potential  human 
carcinogen.® 

Unfortunately,  the  ASHP  coirmuttee  did  not  iden¬ 
tify  the  specific  drugs  that  should  be  classified  as 
ha^rdous,  leaving  the  compUation  of  such  a  list  to 
individual  institutions.  The  committee  did,  however, 
describe  the  following  characteristics  of  drugs  that 
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cou!d  be  considered  hazardous: 

•  genotoxicity, 

•  carcinogenicity  in  animai  models,  the  patient 
population,  or  both,  as  reported  by  The  inter¬ 
national  Agency  on  Research  in  Cancer, 

•  teratogenicity  or  fertilit)’  impairment  in  ani¬ 
mai  studies  or  treated  patients,  and 

•  evidenceofseriousorganorothertoxidtyatlow 
doses  in  animal  models  or  treated  patients. 

Guidelines  for  identifying  potentially  hazardous 
drugs  in  the  hospital  environment  and  clarifying  their 
handling  can  be  found  in  the  literature.'^ 

Handlingantineoplasticand  other  hazardousdrugs 
may  expose  healthcare  workers  to  known  carcino¬ 
gens  and  reproductive  toxicants.  Implementing  a 
comprehensive  program  of  worker  education,  engi¬ 
neering  and  administrativecontro!s,and  medical  sur¬ 
veillance  will  ensure  the  safest  workplace  possible, 
one  where  these  useful  therapeutic  agents  may  be 
used  without  risking  the  workers'  health. 

Ethylene  Oxide 

Ethylene  oxide  is  used  routinely  in  healthcare  fa¬ 
cilities  as  a  gaseous  sterilant  for  heat-  or  moisture- 
sensitive  equipment  and  instruments.  In  its  pure 
form,  ethylene  oxide  is  higl.ly  flammable.  Therefore, 
it  is  typically  supplied  in  compressed-gas  cylinders, 
which  contain  88%  Freon  and  12%  ethylene  oxide,  or 
in  single-use  cartridges  of  100%  ethylene  oxide.^ 

In  1977,  NIOSH  recognized  ethylene  oxide  as  a 
hazard  in  healthcare  facilities,  and  since  then,  atten¬ 
tion  has  been  focused  cr.  the  hazard  and  its  effects.*' 
Tile  acute  toxic  effects  of  exposure  to  ethylene  oxide 
include  respiratory  and  eye  irritation,  skin  sensitiza¬ 
tion,  vomiting,  and  diarrhea;  the  chronic  effects  in¬ 
clude  secondary  respiratory  infection,  anemia,  and 
neurotoxicity.  In  1981,  NIOSH  published  cvidenceof 
ethylene  oxide's  animal  carcinogenicity  and  the  rec¬ 
ommended  exposure  limit  was  reduced  from  50  to  1 
ppm.**  The  report  also  noted  adverse  reproductive 
effects  in  mammals  and  possible  chromosomal  aber¬ 
rations  in  workers. 

Since  1981, NIOSH  hascompletedacytogenicstudy 
that  shows  an  increase  in  sister<hromatid  exchanges 
(a  measureof  point  mutation)  and  chromosomal  aber¬ 
rations  in  monkeys  that  were  exposed  to  ethylene 
oxide.  Another  NIOSH  study  performed  during  this 
period  demonslrated  statistically  significant  associa¬ 
tions  between  ethylene  oxide  exposure  and  increased 
incidence  of  neoplasms  inrats.*"  In  addition,  a  litera¬ 


ture  review  of  studies  of  workers  who  were  exposed  to 
ethylene  oxide  indicates  increased  mutagenic  activity 
in  human  cells,  carcinogenesis,  reproductive  abnor¬ 
malities,  and  neurological  defects.**  In  1984,  OSHA 
issued  a  nev;  standard,  29  CFR  1910.1047,  to  protect 
workers  exposed  to  ethylene  oxide:  the  PEL  was 
reduced  to  1  ppm.*’  The  standard  was  revised  in  1988 
toincludeal^minuteshort-termexposurelimitfSTEL) 
of  5  ppm. 

Exposures  to  ethylene  ox'de  in  a  healthcare  facility' 
usually  occur  when  sterilizers  and  aerators  are  oper¬ 
ated  or  during  maintenance  and  handling  of  pre¬ 
aerated  packages.™  During  these  operations,  skin 
contact  with  ethylene  oxide  gas  or  liquid  can  cause 
skin  irritation,  but  the  primary'  route  of  exposure  is 
inhalation  (Figure  5-3).  Because  the  odor  threshold  of 
ethylene  oxide  is  700  ppm  and  the  mucous-membrane 
irritation  threshold  is  200  ppm,  odor  and  irritation  do 
not  provide  adequate  warning  to  workers  who  may  be 
exposed  to  levels  higher  than  the  PEL  of  1  ppm.^ 
Therefore,stringentcontTolproceduresareessentialfo 
meet  the  current  standard  (the  federal  law).  Practices 
should  include  the  following; 

•  routine  environmental  monitoring  and  medi¬ 
cal  surveillance, 

•  routincequipmentmaintenanceandleakchecks, 

•  effective  sterilizer  and  aerator  local  exhaust 
ventilation,  and 

•  the  use  of  ambient  ethylene  oxide  concentra¬ 
tion  alarms,  general  ventilation,  and  workpro- 
cedures  designed  to  reduce  exposure.*'^"' 

Formaldehyde 

Formaldehyde  is  a  common  and  hazardous  chemi¬ 
cal  that  is  often  controlled  poorly  in  healthcare  facili¬ 
ties.'  The  most  extensive  exposures  occur  while  it  is 
used  in  autopsy  rooms  and  pathology  laboratories  as 
a  tissue  preservative''"^;  in  hemodialysis  units  as  a 
disinfectant"*^;  and  in  central  material  supply  as  a 
cold  sterilant  for  various  instruments.*  (Although 
embalming  facilities  are  not  specifically  addressed  in 
this  chapter,  many  hazards  to  healthcare  workers  are 
also  hazards  to  embalmers,  fonnaldehyde  being  an 
excellent  example.) 

As  with  other  hazardous  chemicals,  the  effects  of 
exposure  to  formaldehyde  depend  on  the  duration 
and  extent  of  the  exposure.  Low  levels  of  exposure  (< 
1  ppm)  may  cause  direct  irritation  of  the  skin,  eyes, 
nose,  tnroat,  and  lungs.'"™  Higher  concentrations  (10- 
2G  ppm)  may  cause  coughing,  chest  tightness,  in¬ 
creased  heart  rate,  and  a  sensation  of  pressure  in  the 
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Fig.  S-3.  Typical  ethylene  oxide  sterilization  equipment  indudes  the  ethylene  oxide  sterilusr,  an  aerator  used  to  dissipate 
residual  ethylene  oxide  after  materials  are  sterili^.  the  ethylene  oxide  cylinder  stonge  cabiiteC,  and  a  local  exhaust 
ventilation  system  to  capture  and  remove  ethylene  oxideat  the  points  of  emission.  To  protect  the  health  of  hospital  workers, 
the  extent  of  ethylene  oxide  exposure  must  be  characterized.  Eftykne  oxide  concentrations  in  ambient  air  can  be  measured 
by  a  variety  of  sampling  methc^s,  and  once  the  extent  of  exposure  is  known,  engineering  or  administrative  controls  can  be 
implemented  to  reduce  the  workers'  exposure.  A  properly  designed  ventilaticn  system  can  significantly  reduce  worixr 
expostue  to  ethylene  oxide.  Sources:  (1)  Caldwell  Evaluation  of  an  add-on  1^1  exhaust  ventilation  S3^stem  for  an 
ethylene  oxide  (ETO)  sterilizer.  Apfd  Ind  Hyg.  1989;4  J8-91.  (2)  National  Institute  for  Occupatfonal  Safety  and  Health. 
Ethylene  Oxide  Sterilizers  in  Health  Care  Facilities,  Engineering  Controls  and  Work  Practices.  Cincinnati,  Ofu  NIOSH;  1909;  4. 
Current  Intelligence  Bulletin  52. 


head.  Concentrations  of  50  to  100  ppm  are  associated 
with  pulmonary  edema  and  death.^ 

Repeated  exposure  to  formaldehyde  vapors  causes 
some  healihcare  woricers  to  become  sensitized.  This 
may  occur  days,  weeks,  or  months  after  the  first  expo¬ 
sure.  Immunogenic  resptHises  include  eye  irritation, 
upper  respiratory  irTitation,oran  asthmatic  reactionat 
levds  of  exposure  too  low  to  cause  symptoms  in  most 
people.  Reactions  can  be  quite  severe  with  swelling, 
itching,  wheezing,  and  ciie^  tightness.^* 

Direct  contact  with  formaldehyde  solutions  can 
cause  severe  eye  injury  and  comeal  damage  and  der- 
matokgical  signs.  Primary  irritatiDn  has  elicited 

when  human  skin  has  contacted  solutions  as  dilute  as 
4%.  Dermatitis  (including  red,  sore,  cracking,  and 
blistered  skin)  b  a  common  complaint;  continuous 
contact  may  make  fingemaik  soft  and  browiu^ 

As  a  reactive  alkylating  agent,  formalddtyde  b  a 
biologicall)  plausible  potenti^  human  carcinogen  be¬ 
cause  (0)  other  sintilar  compounds  are  known  or  sus¬ 


pected  to  induce  mahgnandes  and  (h)  fcmnalddiyde 
could  be  expected  to  react  at  the  surfooe  of  the  respira¬ 
tory  tract’"  Severalstudieswithanimabhavedanon- 
strated  experimentally  that  formaldehyde  b  both  a 
mutagen  and  a  cardiMgen.  In  addition,  inconclusive 
human  epidemiological  studies  have  associated  form¬ 
aldehyde  exposure  with  carKersoftheIung,itas<^phar- 
yiuc,  oropharynx,  and  nasal  passages.  Thb  inevitably 
raises  concern  about  chrorJc  low-level  exposures  of 
humans.^*^'^'® 

Staitdards  and  controb  have  been  established  to 
limit  exposure  to  formalddiyde.  NIOSH  first  pro¬ 
posed  a  recommetKled  standard  Iot  fbmulddiyde  in 
1976  and  published  evideiKe  of  cardnogenkity  in 
1981.’^  OSKA  cunently  regulates  formalddtyde: 
the  PEL  for  an  8-hour  TWA  b  1 .0  ppm;  the  IS-minute 
STEL  b  2.0  ppm;  and  theccfion  lenef  (the  levd  at  whidi 
WOTkers  must  be  enrolled  in  medical  surveilidncc  pro¬ 
grams)  b  05  ppm.®  Occupational  exposures  re¬ 
duced  by 
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•  substituting  safe  products, 

»  using  laboratory  hoods, 

e  wearing  appropriate  PPE, 

•  instituting  good  work  practices, 

•  installing  and  maintaining  general  ventilation, 
and 

•  training  healthcare  workers  about  the  relevant 
hazards.^’^'*''® 

Mercury 

Mercury  is  used  in  many  types  of  hospital  equip¬ 
ment  (nunometers,  thermometers.  Coulter  counters. 
Van  Slyke  apparatus,  Miller-Abbot  and  Cantor  tubes, 
and  sphygmomanometers)  and  in  tissue  fixatives  and 
dental  amalgams. 

Exposures  to  mercury  in  healthcare  settings  usually 
result  from  accidental  spills,  but  they  can  also  occur 
during  routine  work  practices.^  Additionally,  droplets 
can  become  trapped  in  carpets  and  cracks  in  floors  or 
counters.  These  droplets,  which  vaporize  readily  at 
room  temperature,  are  not  remov^  easily  during 
routine  cleaning  and  produce  continuous  exposure. 
Central  material  supply  md  maintenance  persoimel 
are  exposed  when  biomedical  equipment  breaks  or  is 
repair^."  Technicians  in  histology  laboratories  are 
subiected  to  mercuric  compounds  during  routine  pro¬ 
cedures.”  However,  the  greatest  potential  for  mercury 
exposure  is  found  in  dental  clinics.  Mercury-contami¬ 
nated  dust  in  dental  laboratories  is  generated  when 
mercury  amalgam  is  cut,  ground,  and  polished.  In 
addition,  vapors  arise  from  mechanical  amalgamators 
and  ultrasonic  amalgam  condensers;  when  amalgam 
is  mulled  in  the  hand,  or  when  excess  mercury  is 
squeezed  from  freshly  mixed  amalgam;  when  old 
fillings  are  removed;  when  amalgam-contaminated 
instruments  are  hot-air  sterilized,  and  when  mercury 
and  amalgam  scraps  are  stored.*^ 

The  adverse  health  effects  associated  vtith  the  absorp¬ 
tion  of  mercury  vapor  through  the  lungs  arxl  sl^ 
prompted  the  establishment  of  occupational  exposure 
standards  aiKl  controls  (Table  5-4).  NI(3SH  recommend¬ 
ed,  and  OSHA  promulgated,  a  PEL  of  0.05  mg/ nr.*"^ 
Toxic  mercury  exposures  can  be  minimized  by  installing 
impervious  flooring  and  counters,  institutinggood  v\'rrk 
practioes,effectivehar>dlingofspills,goodstorageproce- 
dures,  appropriate  PPE,  periodic  air  monitoring,  gocxl 
ventilation,  and  employee  educatiort'^^ 

Methylmethacrylate 

Methylmethacrylate  is  an  acrylic  cementlike  sub¬ 
stance  derived  from  mixing  a  liquid  containing 


TABLE  5-4 

HEALTH  EFFECTS  OF  EXPOSURE  TO 
MERCURY 


Categories 

Health  Effects 

Short-Term  Exposures 

Severe  respiratory  irritation 

to  High  Levels 

Chemical  pneumonitis 

Digestive  disturbances 

Marked  renal  damage 

Chronic  Low-Level 

Tremor 

Exposures 

ia 

Speech  disturbance 

Psychic  and  emotional  changes 
(irritability,  combativeness 
and  fatigue) 

Associated  Signs 

Inflammation  of  the  gums 
Excessive  salivation 

Anorexia 

Weight  loss 

Sensitization  dermatitis 

Soun.es:  (1)  US  Department  of  Health  and  Human  Services.  Guide¬ 
lines  fcT  Protecting  the  Sajetu  and  Health  of  Health  Care  Woriers. 
Washington,  DC:  DHHS  (NIOSH);  1988-  Publication  88-119.  (2) 
Patterson  WB,  Craven  DE,  Schwartz  DA,  Nardell  EA,  Kasmer  J, 
Nobel ).  Occupational  hazards  to  hospital  personnel.  Ann  Intern 
Med.  1985;102.-6S-680.  13)  National  Institute  for  Occupational 
Safety  and  Health.  Criteria  for  a  ftecommended  Standard:  Occupa¬ 
tional  Exposure  to  Inorganic  Mercury.  Cincinnati,  Oh:  DHRV 
(NIOSH);  1973.  Publication  73-1009. 


methylmethacrylate  monomer  with  polymethyl¬ 
methacrylate  powder  immediately  before  using  in 
orthopedic  and  other  procedures.”  Workers  in  health¬ 
care  facilities  are  subj^ed  to  exposures  through  inha¬ 
lation  of  vapors,  skin  contact,  or  both.  Those  at  risk 
include  technicians  who  make  and  mend  acrylic  den¬ 
tures  and  hearing  aids,  orthopedic  surgical  personnel 
who  use  the  cement  for  fixation  of  metallic  and  plastic 
prostheses,  and  pathology  personnel  who  work  in 
areas  where  methlymethacrylate  is  used  for  imbed¬ 
ding  histological  preparations.* 

Myriad  health  effects  have  been  associated  with 
exposure  to  methylmethacrylate.  It  isan  eye,  skin,  and 
mucous-membrane  irritant  and  is  known  to  cause 
contact  dermatitis  and  occupational  asthma.^*  Surgi¬ 
cal  patients  exposed  to  this  compound  have  suffered 
acute  episodes  of  hypotension  and  cardiac  arrest'"  In 
a  1976  study,  NIOSH  reported  adverse  health  effects 
suchascutaneous,genitcurinary,and  respiratory  com¬ 
plaints  in  workers  exposed  to  methylmethacrylate  in 
coiKcntrations  lower  than  50  ppm.^  Studies  with 
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animals  have  shown  that  methylmethacrylate  is  ter¬ 
atogenic^^  and  mutagenic  with  the  potential  for  carci¬ 
nogenicity  There  ha ve  also  been  multiple  findings  of 
liver  damage  in  rats  exposed  to  various  levels  of 
methylmethacrylate.*’ 

TheOSHAPELformethylmethacrylateislOOppm.*’ 
Exposure  can  be  reduced  by  using  portable  or  perma¬ 
nent  local  exhaust  units  when  mixing  the  components; 
wearing  appropriate  PPE  for  the  eyes,  hands  and 
body;  practicing  careful  personal  hygiene;  and  provid¬ 
ing  hazard-recognition  training.^’*' 

Biological  Hazards 

The  germ  theory  of  disease  made  acceptable  the  fact 
that  disease  is  spread  by  ill  persons  and  fomites  (con¬ 
taminated  objects).  The  germ  theory  also  allowed  for 
the  recognition  that  patient  care  could,  therefore,  pose 
risks  to  healthcare  facility  workers.  Medical  history  is 
replete  with  anecdotal  leports  of  medical  personnel 
who  have  succumbed  to  infectious  diseases  that  were 
contracted  during  their  work  with  patients  or  speci¬ 
mens  from  patients.*  Recent  attention  has  focused 
on  the  contribution  of  infectious  diseases  to  the  over¬ 
all  burden  of  work-related  illnesses  found  among 
healthcare  workers.  Exposures  to  bacterial,  viral, 
fungal,  and  parasitic  organisms  pose  a  constant  threat 
to  healthcare  facility  workers  in  essentially  every 
work  area.  The  healthcare  professionals  at  greatest 
risk  for  exposure  are  medical  practitioners,^**  dental 
practitioners,**  and  laboratory  w’orkers.”  In  addi¬ 
tion,  housekeeping,  laundry,  maintenance,  and 
supply  personnel  within  the  healthcare  environment 
also  incur  some  degree  of  risk  from  contact  with 
patient  waste,  soiled  laundry,  or  contaminated 
equipment. 

Within  the  healthcaresetting, general  infectioncon- 
trol  procedures  have  been  developed  to  minimize  the 
risk  of  nosocomial  infection.'‘*^'“^  Such  procedures  are 
designed  to  prevent  transmission  of  microbiological 
agents  and  to  provide  a  margin  of  safety  in  the  varied 
situations  encountered  in  the  healthcare  environment. 
The  modes  of  transmission  found  in  the  healthcare 
setting  are  also  observed  in  the  working  environments 
of  paramedics,  emergency'  medical  technicians,  and 
public-safety  employees.  Therefore,  the  precautions 
developed  for  healthcare  organizations  are  also  appli¬ 
cable  to  these  settings.  Go^  infection  and  biosafety 
control  measures  include  the  following: 

•  eliminating  infective  organisms  with  systemic 
antimicrobial  agents,  disinfection,  and  steril¬ 
ization; 


•  eliminating  contact,  airborne,  or  fomite  trans¬ 
mission  routes  through  personal  hygiene  (es¬ 
pecially  handwashing);judicioususeof  gloves, 
masks,  and  gowns;  isolation  techniques;  and 
proper  veritilation;  and 

•  reducing  worker  susceptibility  with  immuni¬ 
zation,  medical  surveillance,  physical  exams, 
and  effective  hazard  training  progrants. 

Many  agents — including  tuberculosis,  varicella,  and 
rubella — pose  significant  threats  and  deserve  atten¬ 
tion.  However,  the  current  interest  of  the  medical 
community  is  strongly  oriented  toward  exposure  to 
blood-borne  pathogens,  especiaUy  the  hepatitis  B  vi¬ 
rus  (HBV),  the  hepatitis  C  virus  (HCV),  and  the  human 
immunodeficiency  virus  (HIV).  In  December  1991, 
OSHA  promulgated  the  final  rule  for  occupational 
exposure  to  blood-borne  pathogens.'*  This  perfor¬ 
mance-oriented  law  states  the  required  standards; 
however,  it  permits  the  employer  to  develop  and 
implement  individual  programs  that  are  protective 
and  cost  effective.  The  standard  requires  that  the 
employer  (a)  produce  a  written  exposure  control  plan, 
(b)  identify  those  employees  at  risk  for  occupational 
exposure  to  blood  and  other  infectious  material,  (c) 
provide  appropriate  PPE  and  enforce  wearing  compli¬ 
ance,  and  (d)  provide  hazard  training  for  the  employ¬ 
ees.  Housekeeping  requirements  and  decontamina¬ 
tion  procedures,  including  a  written  schedule  for 
cleaning  and  discarding  sharps  and  regulated  wastes, 
arealsoaddressed  in  thestandard.  Limitinga  workeri  s 
exposure  toblood-bomediseasesisachievrf  by  imple¬ 
menting  the  following  categories  of  controls: 

•  engineering; 

•  immunization  programs; 

•  work  practices,  such  as  procedures  for  han¬ 
dling  sharps; 

•  disposal  and  handling  of  contaminated  waste; 

•  use  of  PPE  such  as  gloves  and  gowns; 

•  use  of  mouth  pieces,  resuscitation  bags,  and 
other  ventilation  devices; 

•  use  of  disinfectants; 

•  labeling  and  signs;  and 

•  training  and  education  programs. 

All  healthcare  facilities  are  required  to  comply  with 
Title  29,  Code  of  Federal  Regulations  (CFR)  1910.1030. 
As  an  "xample  of  the  level  of  compliance  that  is  re¬ 
quired,  an  excerpt  from  Walter  Re^  Army  Medical 
(Tenter's  Exposure  Control  Plan,  adopted  4  May  1991,  is 
included  at  the  end  of  this  chapter. 

In  1982  and  1983,  the  Centers  for  Disease  Control 
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(CDC)  issued  precautions  against  acquired  immuno¬ 
deficiency  syndrome  (AIDS)  for  healthcare  facility 
workers  and  allied  professionals.'”  ’"  In  1985,  the 
CDC  developed  the  strategy  of  universal  blood  and  body- 
fluid  precautions  to  address  concerns  regarding  trans¬ 
mission  of  HIV  in  the  healthcare  setting.'”  This  con¬ 
cept  (now  simply  called  the  universal  precautions) 
stresses  that  (a)  aU  patients  should  be  assumed  to  be 
infectious  for  HIV  and  other  b'ood-bome  pathogerrs 
and  lb)  health-care  v/orkers  should  perform  their  du¬ 
ties  with  prescribed  work  practices.  Universal  ptecau- 
tionsapply  in  the  healthcare  environment  when  work¬ 
ers  are  exposed  to  blood  and  certain  other  body  fluids 
(including  amniotic,  pericardial,  peritoneal,  pleural, 
synovial,  and  cerebrospinal  fluids,  and  semen  and 
vaginal  secretions),  or  any  body  fluid  visibly  contami¬ 
nated  with  blood. 

Some  body  fluids  are  exempted  from  these  univer¬ 
sal  precautions  because  the  transmission  of  HBV  and 
HIV  via  exposure  to  them  has  not  been  documented. 
For  example,  universal  precautions  do  r»ot  apply  to 
saliva  when  it  is  not  visibly  contamiirated,  or  is  un¬ 
likely  to  be  contaminated,  with  blood.  In  the  dental 
setting,  however,  where  saliva  is  likely  to  be  contanri- 
nated,universalprecautionsdoapp}y.  Whendifferen- 
tiation  between  body-fluid  types  is  difficult  or  impos¬ 
sible,  the  CDC  lecommetKis  that  medical  professionals 
should  treat  all  body  fluids  as  potentially  hazardous. 
Other  body  fluids  to  which  universal  precautions  do 
not  ordinarily  apply  include  feces,  nasal  secretions, 
sputum,  sweat,  tears,  urine,  and  vomitus."® 

The  CDC  usually  presents  information  concenring 
HBV  and  HIV  together  for  several  reasons; 

•  the  modes  of  transmission  for  HBV  are  similar 
to  those  of  HIV; 

•  the  potential  for  HBV  transmission  in  theoccu- 
pational  setting  is  greater  than  that  for  HIV: 

•  a  larger  body  of  experierKe  has  accumulated 
relating  to  controlling  transmission  of  HBV  in 
the  work  place;  and 

•  because  HIV  is  fiagile  in  the  environment, 
general  practices  to  prevent  the  transmission 
of  HBV  will  also  minimize  the  risk  of  HIV 
transmission."®'"' 

Precautionary  measures  to  prevent  the  spread  of 
both  HIV  and  HBV  are  found  in  various  publications, 
which  address  general  universal  precautions,  invasive 
procedures,  autopsies,  dialysis,  blood  or  body-fluid 
spills,  waste,  emergency  medical  treatment,  dentistry, 
laboratories,  housekeeping,  and  laundry.'®’"'^'" 


Physical  Hazards 
Noise 

Some  workers  in  healthcare  facilities  encounter  ex¬ 
posures  exceeding  the  presentOSHA  standard  of  an  8- 
hour  TWA  of  90  dBA.®®  Most  healthcare  workers, 
however,  are  subjected  principally  to  nuisance  levels 
that  are  annoying  and  may  interfere  with  woric.'"^'“ 
Noise  can  become  a  problem  in  food-service  areas, 
laboratories  (hospital  and  dental),  maintertance  and 
engineering  areas,  brace  shops,  incinerators,  orthope- 
diccast  rooms  (fromcastcutting),administrativeareas 
(from  printing  and  reproduction),  and  dental 
opeiatories  (from  high-sp^  hand  pieces).  Technical 
and  physiologkal  aspects  or  noise  and  noise  conbtd 
are  addressed  comprehensively  in  Chapter  7,  Noise 
aird  the  Impairment  of  Hearing. 

Radiation 

Sources  of  ionizing  and  nonionizing  radiation  are 
present  in  many  areas  of  fixed  nredical,  dental,  and 
veterinary  facilities.  Most  radiation  sources  are  used 
for  diagnostic  and  therapeutic  purposes;  other  uses 
include  food  preparation  with  microwave  ovens  and 
germicidal  treatment  of  room  air  with  ultraviolet  light. 
Additionally,diagnosticX-rayequipmentcanbefound 
in  field  medical  units.  The  health  threats  posed  by 
these  sources  attd  appropriate  control  nteasures  are 
discussed  in  Chapter  15,  Nonionizing  Radiation  and 
Chapter  16,  Ionizing  Radiation. 

Musculoskeletal  Strain 

Among  the  most  conunon  problems  encountered 
by  healthcare  facility  workers  are  back  pain  and  mus¬ 
culoskeletal  Injury;  these  are  the  primary  reasons  for 
job-related  lost  tinreamongtheseworkers.*"'^'''^  Most 
of  these  problems  are  associated  with  workers*  at¬ 
tempting  to  lift  or  transfer  patients.  Those  workers 
who  are  physically  unfit,  unaccustomed  to  the  task 
being  performed,  suffering  from  postural  stress,  or 
doing  worfc  that  approaches  or  exceeds  the  limits  of 
their  strength  are  at  greatest  risk.  Other  contributing 
Actors  include  understaffing,  lack  of  regular  training 
programs  regarding  the  proper  procedures  for  lifting 
and  other  workrtK>tions,and  inadequategenetal  safety 
precautions.^'^  The  healthcare  personnel  associated 
%vith  a  high  risk  for  sustiiining  b^  problems  irKlude 
surgeons,  nurses,  nurses  aides,  emergency  rrrcdical 
technicians,  dentists,  dental  assistants,  physical  aiul 
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occupational  therapists  and  aides,  radiology  techni¬ 
cians,  housekeeping  and  laundry  workers,  food  ser¬ 
vice  employees,  maintenance  and  supply  personnel, 
and,  to  a  lesser  extent,  laboratory  technicians  and 
clerical  staff.^”*"^’* 

Primary  and  secondary  approaches  to  preventing 
back  pain  and  injury  are  the  foundation  of  any  back- 
injury-prevention  program.  In  general,  the  primary 
approach  to  prevention  involves  reducing  manud 
lif^g  and  other  load-handling  tasks  that  are  biome- 
chanically  stressful.  Thesecondaryapproachrelieson 
teaching  workers  how  to  perform  stressful  tasks  w'hile 
minimizing  the  biomechanical  forces  on  their  backs. 
The  secondary  approach  also  emphasizes  maintaining 
flexibility  and  strengthening  the  back  and  abdominal 
muscles.^  In  addition  to  these  approaches,  several 
important  techniques  to  prevent  back  injuries  among 
hospital  staff  can  be  employed  (Exhibit  5-3).  Written 
guides  and  programs  for  preventing  back  pain  and 
injury  are  available  for  all  workers  and  spedtically  for 
healthcare  persormeL'*"’® 


Psychosocial  Hazards 

Woikers  in  healthcare  fodlities  face  a  variety  of 
highly  stressful  woric-related  conditions  in  meeting 
the  physical  and  psychological  needs  of  patients  (Ex¬ 
hibit  54).  Supervisors  and  woricers  must  be  able  to 
identify  themanymanifestations  of  psychological  stress 
andbeknowledgeableaboutstress-managementtech- 
niques.  Additionally,  shift  work,  a  major  cause  of 
stress,  must  be  implemented  properly. 

Emotional  Stress 

Healthcare  workers  who  are  most  sul^ect  to  severe 
emotional  stress  while  working  include  those  in 
oncology  rmits,  bum  units,  emergerKy  rooms,  operat¬ 
ing  rooms,  arul  intensive  care  units.  Although  most 
studies  address  the  stress  factors  foutrd  among  physi¬ 
cians  and  nurses,  some  have  also  identified  labora¬ 
tory  and  food-service  work  as  high-stress  occupa¬ 
tions.'”^*® 


EXHIBIT  5-3 

TECHNIQUES  TO  PREVENT  BACK  PAIN  AND  INJURY  TO  HEALTHCARE  WORKERS 

Use  mechanical  devices  for  lifting  patients  and  other  heavy  objects 
Use  wheels  and  other  devices  for  transporting  heavy,  nonportable  equipment 
Provide  adequate  staffing  to  prevent  workers  from  lifting  heavy  patients  or  equipment  alone 
Closely  supervise  newly  trained  workers  to  assure  that  proper  lifting  techniques  have  been  learned 
Use  the  preplacement  evaluation  of  workers  to  identify  those  with  existing  back  disorders  and  to  tailor  their  job 
tasks  to  prevent  additional  injury 

Educate  and  train  both  new  and  experienced  staff  on  the  proper  measures  for  avoiding  back  pain,  including: 
proper  lifting  techniques  to  prevent  initial  back  pain  (once  back  pain  occurs,  there  is  a  higher  probability  for 
reoccurrence)  and  requesting  help  for  tasks  that  may  strain  the  back 
Use  proper ;  atient-transfer  techruques: 

•  Communicate  the  plan  of  action  to  the  patient  and  other  workers  to  ensure  that  the  transfer  will  be  smooth 
and  without  sudden,  unexpected  moves 

•  Position  the  equipment  and  funuture  effectively  (eg,  move  a  wheelchair  next  to  the  bed)  and  remove  obstacles 

•  Ensure  good  footing  for  the  staff  and  patients  (patients  should  wear  slippers  that  provide  good  traction) 

•  Maintain  eye  contact  and  communication  with  the  patient;  be  alert  for  trouble  signs 

•  Request  that  a  cowoiker  stand  by  before  attempting  the  transfer,  if  help  is  needed 

•  Record  any  problems  on  the  patient's  chart  so  that  other  shifts  will  know  how  to  cope  with  difficult  transfers; 
note  the  need  for  any  special  equipment,  such  as  a  lift 

Post,  remove,  or  repair  accident  hazards  such  as  wet  floors,  stairway  obstructions,  and  fiiulfy  ladders  on  step 
stools 

Source  l)S  Department  of  Health  and  Human  Services.  CuUMintf-  for  Protecting  the  Safely  and  Health  of  Health  Care  Workers. 
Washington,  DO  DHHS;  1988.  NIOSH  Publication  88-119. 
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EXHIBIT  5-4 

COMMON  STRESS-ASSOCIATED  FACTORS 
AMONG  HEALTHCARE  WORKERS 

Lack  of  esscnlial  support  services  and  inadequate 
resources 

Strenuous  work  loads  and  prolonged  work  schedules 

Rotating  shift  work 

Sleep  deprivation 

Working  in  unfamiliar  areas 

Understaffing 

Discrimination 

Role  conflict  and  ambiguity 

Underutilization  of  talents  and  abilities 

Lack  of  control  and  participation  in  planning  and 
decision  making 

Communication  problenxs  among  aides,  nurses, 
physicians,  and  administrators 
Lack  of  administrative  rewards 

Keeping  abreast  of  rapidly  changing  and  increas¬ 
ingly  romplev  technology 

Unrealistic  self-expectations 
Guilt  about  negative  feelings  toward  patients 
Participation  in  intense  emergency  siti>ations 
Difficulty  in  dealing  with  deformity,  terminal 
illness,  and  death 

Constant  contact  with  ill  and  depressed  patients 
Making  rapid,  complex,  and  criticai  decisions  on 
the  basis  of  inadequate  data 
Constant  interruptions  that  impair  concentration 
Exposure  to  toxic  substances  and  physical  hazards 
Exposure  to  infectious  patients 
Ergonomic  factors 


The  manifestation  of  stress,  which  may  ultimately 
lead  toburnout  (physical  or  emotional  exhaustion  hx>m 
long-term  stress),  differs  greatly  among  healthcare 
workers.'”  '®  Stress  can  manifest  as  adaptive  reactioas 
such  as  delayed  gratificaHon,  compulsiveness,  and 
expressing  the  need  for  support.  If  continued  for 
many  years,  some  of  these  manifestations  may  lead  to 
obvious  physiological  and  psychological  problems. 
Stress  has  also  been  associated  with  loss  of  appetite, 
ulcers,  migraine  headaches,  fatigue,  nausea,  diarrhea, 
sleep  disorders,  oversleeping,  increased  smoking,  dis¬ 
ruption  of  social  and  family  life,  disorientation,  disor¬ 
ganization,  apathy,  indecisiveness,  reluctance  to  ac¬ 
cept  responsibility,  and  emotional  instability.  Stress 


also  manifests  as  even  more  serious  conditions;  sub¬ 
stance  abuse,  mental  illness,  suicide,  and  providing 
inadequate  patient  care  (eg,  careless  examinations, 
poor  treatment,  abuse  of  patients,  and  gross  socio- 
pathic  behavior).^'*"* 

Methods  of  coping  with  stress  have  concerned  edu¬ 
cators,  managers,  and  workers  for  many  years  (Exhibit 
5-5).  One  study  attempted  to  improve  the  work  envi¬ 
ronment  in  a  bum  unit  by  providing  feedback  about 
the  work  setting  and  helping  the  staff  use  that  infor¬ 
mation  to  formulate  and  implement  changes'*: 

•  The  staff  were  encouraged  to  think  about  the 
elements  of  their  work  setting  in  terms  of  those 
elements  that  were  stressful  and  those  that 
were  nonstressful. 

•  The  staff  began  to  focus  on  work-setting  char¬ 
acteristics  tlut  are  often  overlooked,  such  as 
clarity  of  expeciatioiLs. 

•  The  staff  attempted  to  effect  change  in  only  a 
few  areas  at  a  time,  rather  than  in  many. 

Asaresult,  improvements  in  moraleand  thequality 
of  patient  care  were  apparent: 

•  ThestafPsinvolvementintheirworkincreased 
as  they  began  to  work  together  to  affect  change. 

•  Theslaffbegantofeelconcemnotonlyfortheir 
individual  patients  but  also  for  all  patients  and 
staff  members. 

Shift  Work 

A  major  causeof  stress  in  healthcare  facilities  is  shift 
work,  especially  rotating  work  schedules.  Shift-work- 
related  stress  results  from  three  general  probleirts:  (1) 
disruption  of  the  circadian  rhythm  (sleep-awakecycle), 
(2)  disruption  of  social  and  femily  life,  and  (3)  sleep 
deprivation.  These  fectors  nray  interact  to  produce 
deleterious  effects  on  the  genera!  psychological  and 
physical  well-being  of  the  shift  worker.  While  there  is 
irmifricient  evidence  to  demonstrate  conclusively  that 
shift  work  causes  a  specific  illness,  shift  workers  (espe¬ 
cially  those  who  rotate  shifts)  do  have  more  health- 
related  complaints  such  as  digestive  problems,  chest 
pain,  wheezing,  nervousness,  colds,  and  fatigue.'^ 

As  a  rule,  workers  on  rotating  shifts  dislike  those 
aspects  of  their  work  schedules  that  violate  circadian 
physiology.  Worker  satisfaction,  subjective  health 
estimates,  personnel  turnover,  and  productivity  all 
seem  to  improve  when  schedules  are  designed  to  in¬ 
corporate  circadian  principles.'*  Despite  variations  in 
current  practice,  most  reseaicheisadvocate  either  a  slow 
rotation  of  tluree  or  more  weeks  to  permit  arcadian 
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EXfflBIT5-5 

METHODS  FOR  MANAGING  STRESS 

Institute  educational  sessions  to  improve  skills  and  confidence 
Institute  stress-management  and  employee-assistance  programs 
Learn  to  identify  the  signs  and  sources  of  stress 

Engage  in  activities  to  fodlitate  disengagement  from  work  (such  as  hobbies) 

Learn  to  reserve  time  and  energy  for  oneself  without  feeling  guilty 
Emphasize  the  fun  and  reward  of  healthcare  and  intellectual  achiex’ement 
Foster  employee  ability  to  recognize  and  respect  each  one's  own  limits 
Provide  readily  available  counseling  from  a  nonjudgmental  source 

Providegroupsupport^stems,usingaskilledrteutralfacilitator,fcMr  staff  withparticularlydifficultpiofessional  problems 
Facilitate  effective  teamwork  and  trust 
Promote  high-rpiality  corrununication 

Hold  regular  staff  rtKetings  and  discussiotu  to  connmuiucate  feelings,  gain  support,  arul  share  iiutovative  ideas 

Etunurage  supervisory  flexibility  and  irmovaticn  to  create  alternative  job  arrangements 

Recognize  and  act  on  legitimate  complaints  regarding  overbearing  supervisors 

Schedule  rotation  of  assigrunents  to  allow  adequate  time  for  employee  platming 

Optimize  shift-work  schedules 

Provide  reasonable  schedules  for  house  staff  to  allow  adequate  time  for  sleep 
Ertcourage  organized  and  efficient  work  functions  arui  envirorunent 
Provide  adequate  staff  and  resources 


adaptation,  ora  rapid  rotation  of  one  to  three  consecu-  luption.'”  Shift  changes  should  always  be  progres- 
tive  nights  followed  by  rest  to  prevent  circadian  dis-  sively  later  in  rotation  (ie,  day  to  evening  to  night).** 

STRATEGIES  FOR  HAi^ARD  ABATEMENT 


The  initial  step  in  eliminating  or  reducing  hazards 
to  human  health  in  any  healthcare  setting  is  todevelop 
a  hazard  inventory,  which  is  usually  the  responsibili^ 
of  the  safety  officer.  This  requires  that  the  worksite 
hazards  be  observed,  identified,  and  then  compiled 
into  an  inventory.  Support  for  this  effort  can  be  pro¬ 
vided  by  the  environmental  science  officer,  industrial 
hy^enist,  occupationai  medicine  physician,  occupa¬ 
tional  health  nurse,  preventive  m^icirre  officer,  and 
preventive  medicine  and  industrial  hygiene  techni¬ 
cians.  Hazard  identification  is  only  the  first  step;  it  is 
followed  by  the  more  difficult  tasks  of  evaluation  and 
control.  Evaluationencompassesenvironmentalsam- 
pling,  surveillance,  or  both;  detailed  woric-practice 
investigations;andmedica!surveillance.  Hazard  con¬ 
trol  comprises  the  following: 

•  diverse  engineering  interventions, 

•  proper  ventilation. 


•  appropriate  PPE, 

•  educationaltramingforrecognizingandavoid- 
ing  hazards, 

•  safe  woric  techniques  or  practices,  and 

•  written  safety  or  health  procedures  and  pro¬ 
grams  that  contain  enforcement  provisions. 

Knowledge  is  the  key  to  the  prevention  of  hazard¬ 
ous  exposures.  To  ensure  that  employees  are  knowl¬ 
edgeable  aboutthe  hazards  presentand  theproperuse 
of  safety  equipment,  persormel  must  be  trained  re¬ 
garding 

•  the  proper  use  of  PPE; 

•  the  potential  hazards  associated  with  toxic 
chemicals,  equipment,  and  operations; 

•  safe  work  practices;  and 

•  proper  emergeruy  procedures  and  abatement 
requirements. 
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THE  MILITARILY  UNIQUE  ENVIRONMENT 


US.  Army  healthcare  operations  in  the  field  may  be 
conducted  using  Table  of  Organization  and  Equip¬ 
ment  (TOE)  facilities  (such  as  tents)  and  standard  TOE 
material,  supp]ies,and  equipment.  Additionally,  field 
medical  operations  are  sometimes  carried  out  in  exist¬ 
ing  facilities  (such  as  buildings  located  in  the  training 
area  or  area  of  operatioirs)  using  material,  supplies, 
and  equipment  found  in  the  Hxed  facility,  listed  in  the 
TOE,  or  in  any  combination.  The  lack  of  an  established, 
familiar  fixed  facility;  the  use  of  unfamiliar  medical 
items;  the  absence  of  water,  waste  disposal,  and  other 
similar  services  in  the  field;  and  the  physical  and 
psychological  stresses  of  training — or  actual  or  threat¬ 
ened  hostilities — can  all  greatly  increase  the  potential 
that  personnel  in  field  healthcare  fiidlities  will  face 
hazardous  exposures  and  overexposures.  Therefore, 
preventive  medicine  personnel  assigned  todivision  or 
corps  preventive  medicine  sections  or  teams  must  be 
able  to  make  (a)  quick,  thorough  evaluations  of  the 
actual  and  potential  health  threats  in  field  MTFs  and 
(f>)  appropriate  recommendations  to  reduce  or  elimi¬ 
nate  the  potential  health  threats.  (There  are  no  identi¬ 
fied  occupational  medicine  physician,  occupational 
health  nurse,  or  industrial  hygienist  positions  in  TOE 
units.  All  U  Army  preventive  raedicine  physicians, 
environmental  science  officers,  sanitary  engineers, 
and  enlisted  preventive  medicine  technicians  receive 
training  in  occupational  health  and  occupational  medi¬ 
cine  functions  for  TOE  units.) 

Ail  actions  taken  to  evaluate  actual  and  potential 
Irazards  in  a  field  MTF  must  be  geared  to  the  tactical 
situation.  Circumstances  may  not  allow  the  level  and 
sophistication  of  hazard  identification  and  evaluation 
normally  found  in  a  fixed  medical  facility.  For  exam¬ 
ple,  state-of-the-art  monitoring  equipment  and  tech¬ 
niques  may  not  be  avaibble,  or  may  be  impractical, 
and  the  time  available  for  observing  procedures  within 
the  facility  may  be  limited.  Additionally,  each  evalu¬ 
ation  must  be  conducted  with  a  clear  understanding  of 
the  mission  and  prioritits  of  the  field  facility  and  the 
meansavailabletoeliminateor  control  hazards. There¬ 
fore,  preventive  medicine  personnel  whoconduct  eval¬ 
uations  of  field  MTFs  must  be  knowledgeable  about 
field  operations,  able  to  quickly  make  qualitative  as¬ 
sessments  about  hazards  and  their  associated  risks, 
and  capableof  clearly  and  concisely  communicating  to 
commanders  (or  their  representatives)  the  significant 
hazards  that  requireattention.  Botha  thorough  baseof 
knowledge  about  the  hazards  in  medical  facilities  and 
common  sense  are  absolute  requirements.  It  is  unreal¬ 
istic  to  assume  that  an  evaluation  protocol  used  at  an 


army  medical  center  or  other  fixed  medical  facility 
could  be  directly  applied  to  a  field  facility,  particularly 
one  that  is  engaged  in  receiving  combat  wounded.  In 
the  field,  preventive  medicine  persoruiel  must  identify 
the  hazards  and  threats  and  place  them  in  perspective 
relative  to  the  mission  and  task  at  hand. 

The  emphasis  on  hazard  identification  and  control 
in  an  MTF  may  be  dictated  by  the  command  surgeon, 
theater  policy,  or  both.'*®  Additionally,  the  nature  of 
the  diseases  and  injuries  that  occur  may  influence  the 
emphasis  placed  on  certain  hazards.  For  example,  if 
large  numbers  of  patients  present  with  enteric  disease, 
then  strict  adherence  to  enteric-disease  preoutions 
would  be  warranted  to  ensure  that  spread  of  the  dis¬ 
ease-causing  agent  (patient-to-staff  or  patient-to-pa- 
tient)  would  be  minimized. 

Depending  on  the  type  of  unit  and  the  nature  of 
operations,  the  categories  of  hazards  that  are  present 
in  a  field  MTF  will  usually  be  similar  to  or  the  same  as 
those  found  in  a  fixed  facility.  However,  the  harshness 
of  the  environment,  disruption  of  the  body's  natural 
deferrses  through  fatigue  and  other  factors,  and  break¬ 
downs  in  basic  sanitation  all  require  that  considerable 
emphasis  be  placed  on  variables  that  are  often  taken 
for  granted  in  fixed  facilities,  such  as  the  availability  of 
water  and  basiesanitary  facilities.'*^'*'  Concemsabout 
potable  water,  handwashing  sources,  and  basic  field 
sanitation  may  demand  greater  attention  than  envi¬ 
ronmental  and  occupational  hazards  such  as  ethylene 
oxide. 

The  first  step  in  hazard  abatement  in  a  field  MTF  is 
to  identify  the  hazards  that  are  potential  sources  of 
danger.  Identification  of  hazards  in  a  field  medical 
environment  is  a  responsibility  delegated  by  the 
commander  to  the  staff.  Execution  of  this  task  varies 
from  unit  to  unit  but  usually  requires  someone  with 
both  access  to  all  areas  of  the  field  medical  unit  and 
direct  access  to  the  commander  for  decision  making. 
Preventive  medicine  personnel  supporting  field  medi¬ 
cal  units  should  seek  out  the  responsible  staff  member 
and  work  with  him  or  her  to  evaluate  and  assess  the 
hazards. 

Appropriate  and  meaningful  evaluations  of  field 
MTFs  can  prevent  morbidi  ty  and  mortal!  ty  and  preserve 
valuable  human  resources.  Evaluations  performed  by 
preventive  medicine  personnel  who  are  not  knowl¬ 
edgeable  or  experienced  in  this  area  can  waste  the 
valuable  time  of  healthcare  providers  and  create  con¬ 
fusion  by  issuing  iirappropriatc  recommendations.'*^ 

When  conductingasurvey,specificaspectsof  the  field 
sanitation  program  should  be  rendewed,  itKludtng; 


146 


Health  Hazards  to  Healthcare  Workers 


•  the  water  supply  (water  containers  and  trail¬ 
ers),  to  ensure  that  it  is  being  monitored  for 
potability,  and  that  disinfection  of  the  unit's 
water  supply  is  being  properly  supervised; 

•  theunit'sfoodoperaticns,toconfinnthatbasic 
food  sanitation  guidance  is  followed; 

•  unit  waste-disposal  operations,  to  ensure  that 
acceptable  policies  aieestablished  and  followed 
(in  a  held  MTF,  this  element  must  include 
medial  and  chemical  waste,  in  addition  to 
wastewater  and  solid  waste.  The  volume  of 
solid  waste  and  wastewater  can  be  signihcant 
due  to  laundry,  showers,  bedpan  washing, 
handwashing  facilities  for  infection-control 
purposes,  w'aste  from  X-ray  units,  and  the  use 
of  disposable  supplies); 

•  arthropod-  and  other  animal-control  measures, 
toensurethattheyareappropriateandadequate; 

•  safety  and  health  training  programs,  to  evalu¬ 
ate  their  relevance  to  hazards  found  in  the  held 
medical  environment; 

•  waste  anesthetic  gases,  laboratory  chemicals, 
and  radiation,  to  ensure  that  the  potential  haz¬ 
ards  are  recognized  and  controlled;  and 

•  autoclave  operations,  to  eirsure  that  steriliza¬ 
tion  procedures  are  adequate,  and  that  explo¬ 
sive  and  bum  hazards  are  controlled. 


Simply  talking  with  the  personnel  working  in  the 
field  MTF  can  be  extremely  helpful.  For  example, 
tliese  conversations  may  reveal  valuable  information 
about  common  health  problems  among  the  staff  (eg, 
dermatitis  or  diarrhea);  hazards  that  are  not  easily 
identifred  by  short  periods  of  observation  (eg,  mal- 
fimetioning  switches  on  X-ray  equipment);  or  supply 
shortages  for  critical  items  (eg,  glovesor  disinfectants). 

After  identifying  the  potential  hazards,  each  must 
be  analyzed  to  determine  the  probability  that  it  will 
cause  disease  or  injury,  and  the  severity  of  the  conse¬ 
quences  should  such  a  problem  occur.  Once  the  risks 
have  been  determined,  the  risk  analysis  must  be 
presented  to  the  decision  maker  (usu^y  the  com¬ 
mander),  so  that  the  risk  is  weighted  against  the  ben¬ 
efits  of  performing  a  mission  or  task,  it  is  the  respon¬ 
sibility  of  the  preventive  medidne  officer  (who  is 
a  physician)  or  his  or  her  representative  to  communi¬ 
cate  to  the  decision  maker  (briefly  and  specifically) 
both  the  identified  risk  and  appropriate  recommenda- 
tionson  ways  to  reduceoreliiriinatethe  hazard.’^’  The 
controls  may  be  as  substantial  as  substituting  a  less- 
toxic  chemical  and  providing  PPE  or  engineering  con¬ 
trols.  Or  they  may  be  as  simple  as  implementing 
administrative  controls  such  as  writing  an  SOP,  brief¬ 
ing  personnel,  and  supervising  adherence  to  the  new 
procures. 


SUMMARY 


Healthcare  facilities  are  highly  complex  work  envi¬ 
ronments  with  many  varied  occupational  hazards. 
Employeesaresubjectedtoasurprisingarrayofchemi- 
cal,  biological,  physical,  and  psychosocial  agents.  The 
frdlity  or  unit  commander,  staff,  supervisors,  and 
workers  themselves  all  have  a  responsibility  to  protect 
workers'  health.  Awareness  of  the  hazards  that  are 
most  likely  to  be  encountered  in  the  healthcare  envi- 
roiunent  will,  in  most  instances,  enable  the  hazards  to 
be  identified  and  will  generate  the  actions  necessary  to 
minimize,  prevent,  or  eliminate  the  danger. 

Although  this  chapter  primarily  addresses  the  haz¬ 
ards  associated  with  fixed  garrison  healthcare  facili¬ 


ties,  many  of  the  concepts  presented  also  apply,  in 
general,  to  field  MTFs.  Differences  lie  in  the  facts  that 
(a)  requirements  for  mobility  may  reduce  the  numbers 
of  hazards,  and  {b)  austere  field  conditions  can  lead  to 
increased  severity  of  exposures.  Whether  in  a  fixed  or 
field  healthcare  freility,  however,  the  effort  to  protect 
a  worker's  health  reaps  benefits  beyond  that  afforded 
the  individual.  An  ill  or  impaired  healthcare  worker 
can  (directly  or  indirectly)  adversely  affect  the  morale 
and  health  of  eoworkers,  patients,  or  both.  Although 
such  adverse  effects  are  undesirable  in  any  setting,  in 
a  field  MTF  supporting  a  combat  operation,  the  impact 
could  be  catastrophic. 
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EXCERPT  FROM  WALTER  REED  ARMY  MEDICAL  CENTER'S  EXPOSURE  CONTROL  PLAN 


The  following  excerpt  is  from  the  Exposure  Control  Plan  that  was  adopted  at  Walter  Reed  Army  Medical  Center 
on  4  May  1991 .  Students  may  find  this  helpful  because  it  illustrates  the  level  of  compliance  required  by  Title  29, 
Code  of  Federal  Regulations  <CFR)  1910.1030.  The  appendices  mentioned,  which  are  part  of  the  original 
docum«mt,  are  not  included  in  this  excerpt. 


19.  METHODS  OF  COMPUANCE 
a.  Universal  Precautions. 


Universal  precautions  were  implemented  at  WRAMC  [Walter  Reed  Army  Medical  Centerl  in  1987.  Universal 
precautions  require  all  employees  to  treat  blood,  body  fluids,  and  tissues  of  all  patients  as  potentially  infective  witn  HBV 
[hepatitis  B  virusl,  HIV  [human  immunodeficiency  virusl,  and  other  blood-bome  pathi^ens.  The  precautions  are  intended 
to  prevent  parenteral,  mucous  membrane,  and  skto  exposure  to  blood  and  body  fluids.  Universal  precautions  are  outlined 
inSection4,IsolationProceduresand  Universal  Precaufions,oftheInfection  Control  Policy  and  ProcedureGuidel-Appendix 
B). 

b.  Engineering  and  Work  Practice  Controls. 

(1 ) .  Engineering  and  work  practice  controls  will  be  implemented  as  the  primary  means  of  eliminating  or  minimizing 
employee  exposure  to  blood  and  body  fluids.  When  occupational  exposure  remams  after  institution  of  engineering  and 
work  practice  controls,  personal  protective  equipment  (PPE)  will  be  used. 

(2) .  Engineering  controls  are  controls  that  either  isolate  the  employee  from  the  hazard  or  remove  the  hazard  from  the 

workplace.  Examples  include  sharps  disposal  containers,  bio^fety  cabinets,  splash  guards,  and  .-^eedleless  IV  systems. 

(3) .  Work  practice  controls  are  those  that  reduce  the  likelihood  of  exposure  by  altering  the  manner  in  which  a  task 
is  pert'ormed.  An  example  of  a  required  work  practice  control  is  prohibiting  recapping  of  needles  v?ilh  a  two-handed 
tedmique. 

t4).  All  engineering  and  work  practice  controls  in  this  section  that  are  not  currently  in  use  will  be  implemented  NLT 

[no  later  than]  6  July  1992. 

{5).  Handwashing. 

(a) .  Handwashing  facilities  will  be  readily  accessible  to  employees.  Approved  alcohol  based  waterless  hand 
cleansers  and  paper  towels  must  be  used  in  all  areas  where  sinks  are  not  available.  HaiKiwashing  technique  is  decribed 
in  Section  5.1,  Handwa.shir.g  and  Use  of  Gloves,  in  the  Infection  Control  Policy  and  Procedure  Guide  (Appendix  O. 

(b) .  Employees  will  wash  their  hands  irnmcdb-Urly  or  as  soon  a;  feasible  after  removal  or  gloves  or  other 
personal  protective  equipment. 

(c) .  Employees  using  a  W2terle:.s  hand  cleaner  must  wash  hands  with  soap  and  running  water  as  soon  as 

feasible. 


(d).  Employees  wll  wash  hands  artd  any  other  skin  with  soap  and  water,  or  flush  mucous  meinbrattes  with 
water,  imn^ediatcly  or  as  soon  ss  feasible  foHowing  contact  of  such  body  areas  with  blood  or  other  potentially  infectious 
materials. 


(e).  Hand  cream  application  is  permitted  m  a  contiiminated  area  if  the  hands  are  thoroughly  washed  immedi¬ 
ately  yrior  to  application.  Hand  creams  must  be  from  small,  individual,  iwmefillable  containers  and  not  shared  between 
iridi\iduals. 
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(6).  Prevention  of  Sharps  Injuries. 

(a) .  Contaminated  needles  and  other  contaminated  sharps  will  not  be  bent,  sheared,  or  broken. 

(b) .  Contaminates!  needles  will  not  be  recapped  or  removed  from  syringes  unless  it  can  be  demonstrated  that 
there  is  no  feasible  alternative  or  the  action  is  required  by  specific  medical  procedure.  The  twosxceptions  where  recapping 
the  needle  is  permitted  are:  Performing  a  bloixl  gas  and  administering  incremental  doses  of  a  medication  such  as  an 
anesthetic  to  the  same  patient.  Removing  the  needle  from  a  vacutainer  sleeve  is  permitted.  Recapping  with  the  traditional 
two-handed  method  is  prohibited  in  these  situations.  Recapping  will  be  performed  with  the  one-hand  scoop  method  (the 
hand  ho’ding  the  sharp  is  used  to  scoop  up  the  cap  from  a  flat  surface)  or  by  using  forceps  to  replace  the  cap.  Removing  the 
needle  from  a  vamtainer  sleeve  will  be  done  using  the  special  area  on  the  sharps  container  where  the  needle  is  inserted  and 
the  vacutainer  is  used  to  uriscrew  the  needle  and  the  ne^Iedrops  into  the  sharps  container.  NOTE:  Other  exceptions  must 
besubmitted  to  theInfectionControl  Committee  for  approval.  Applications  must  includea  justification  for  the  need  to  recap 
or  remove  a  needle. 

(c) .  Immediately,  or  as  soon  as  feasible  after  use,  contaminated  needles  or  other  sharps  will  be  placed  in 
icakproof,punciure  resistant  sharps  contairers  which  areiocalsd  in  patientroomsand  in  olherareas  as  close  to  wheresharps 
are  used  as  feasible.  Sharps  containers  in  patient  rooms  are  in  a  wall  cabinet.  This  cabinet  and  the  disposable  sharps  liners 
aretobclabelled  withabiohazard  symbol  lAWfin  accordance  with]  the  LabelsandSigns  section  of  thisplan.  Chemotherapy 
sharps  containers  will  be  labelled  I  AW  the  Labels  and  Signs  section  of  this  plan.  All  other  sharps  containers  will  be  red  in 
color. 


(d) .  A  red  sharps  container  will  be  available  in  the  laundr}'. 

(e) .  Dlspesable  sharps  containers  will  be  removed  and  replaced  with  a  new  one  when  Vi  full.  They  will  becloscd 
off  by  seoircly  locking  the  closure  mechanism,  tagged  with  a  bum  label,  and  placed  in  the  trash  area  for  pick-up  by 
hoacekeeping.  If  a  sharps  container  is  four.d  to  be  leaking,  it  must  be  placed  in  a  larger  sharps  container  that  is  labelled  and 
sealed.  The  OIC  (officer  in  charge]  in  each  work  area  is  responsible  for  insuring  that  sharps  containers  are  replaced  when 
Vi  full  and  arc  not  overfilled. 

(0.  Contaminated  reusable  sharps  will  be  placed  in  containers  until  properly  processed.  The  containers  are 
j/uncture-resistant,  leakproof  on  the  sides  and  bottom,  and  labelled  with  a  biohazard  label  LAW  the  Labels  and  Signs  section 
of  this  plan.  The  containers  need  not  be  closable.  Employees  will  not  reach  by  hand  into  these  containers.  Employees  will 
not  reach  into  a  water-filled  sink  or  pan  to  retrieve  contaminated  instruments.  Instead  a  perforated  tray  can  be  used  or  the 
instruments  can  be  retric\’ed  with  forceps.  A  container  for  rcu.sablc  sharps  will  also  be  available  in  the  laundry. 

(g) .  Reusable  sharps  containers  will  be  cleaned  with  soap  and  water  and  then  disinfected  with  a  1:10  solution 
of  bleach  after  each  use. 

(h) .  In  psychiatric  units  where  there  are  no  in-room  sharps  containers,  needle  users  have  two  options:  Carry  a 
small  sharps  container  to  the  room  to  immediately  discard  the  sharp  or  use  a  self-sheathing  needle-syringe  unit. 

(i) .  The  Baxter  needlelcss  IV  lintravenousj  system  will  be  ;~-*d  for  access  into  IV  lines.  Stopcocksmayalsobeused. 

(7) .  Bio-safety  cabinets  and  splash  guards  arc  used  in  laboratories  to  minimize  splashing,  spraying,  splattering,  and 

generation  of  droplets. 

(8) .  Engineering  controls  Mill  be  examined  and  maintained  or  replaced  on  a  regular  schedule  to  insure  their 
effectiveness,  that  they  has'c  not  been  removed  or  broken,  that  ventilation  systems  are  functioning  properly,  and  that  filters 
are  replaced  frequently  enough.  The  OIC  in  each  work  area  will  establish  a  written  inspection  and  routine  maintenance 
schedule  for  the  engineering  controls  in  that  area. 

(9) .  All  specimens  of  blood,  body  fluids,  and  tissues  will  be  handled  using  Universal  Precautions  and  will  be 
transported  in  sealed  plastic  bags.  Specimen  containers  will  besccurely  closed  before  pladnginthebag.  Ifoutsidecontamination 
of  the  bag  or  primary  container  occurs,  the  bag  or  primary  container  shall  be  placed  within  a  second  container  which  prevents 
leakage  during  handling,  processing,  storage,  transport,  or  shipping.  If  the  specimen  could  puncture  the  primary  conlaiirer,  the 
primary  container  will  be  placed  within  a  secottd  container  which  is  puncture  resistant.  Containers  used  for  transporring  or 
shipping  specimens  outside  the  facility  will  be  labelled  with  a  biohazard  label  lAW  the  Labels  and  Signs  section  of  this  plan. 
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(10) .  Equipment  whichmay  becontaminatedwithbloodorbody  fluids  will  beexaminedpriortoservicingorshipping 
and  will  be  decontaminated  as  necessary.  If  decontamination  of  the  equipment  is  not  possible  (personnel  do  not  have 
training  to  take  apart  technologically  advanced  equipment  or  equipment  design  prohibits  cleaning),  a  readily  observable 
label  will  be  attached  to  the  equipment  stating  which  portion  may  be  contaminate  and  this  information  will  be  conveyed 
toallaffectedemployees,theservicingrepresentative,and/orthemanufacturer,asappropriate,  prior  to  handling,  servicing, 
or  shipping  so  that  appropriate  precautions  will  be  taken.  See  section  on  Labels  and  Signs  for  required  label  characteristics. 
See  section  on  Housekeeping  for  irtstructions  on  decontamination.  Biomedical  maintenance  prersonnel  will  be  instructed  in 
precautions  to  practice  during  decontamination  of  equipment. 

(11) .  All  procedures  involving  blood  or  other  body  fluids  shall  be  performed  in  such  a  manner  as  to  minimi2e 

splashing,  spraying,  spattering,  and  generation  of  droplets  of  these  substances. 

(12) .  Mouth  pipetting/suctioning  of  blood  or  other  body  fluids  is  prohibited. 

(13) .  Eating,  drinking,  smoking,  applying  cosmetics  or  ]ipbalm,and  handling  contact  lenses  are  prohibited  in  all  work 
areas  where  there  is  a  reasonable  likelihood  of  occupational  exposure.  Eating  or  drinking  are  permitted  only  in  designated 
areas  separate  from  contaminated  areas.  Employees  must  remove  any  contaminated  clothing  or  protective  barriers  prior 
to  entering  the  clean  area. 

(14) .  Food  and  drink  shall  not  be  placed  in  refrigerators,  freezers,  shelves,  cabinets,  or  on  countertops  or  benchtops 

where  blood  or  other  potentially  infectious  materials  are  present  or  where  specimens  have  been  placed. 

(15) .  All  employees  wll  be  trained  by  their  supervisor  in  the  use  of  any  engineering  control  before  they  are  required 

to  use  it. 


(16) .  Employees  who  have  exudative  lesions  or  weeping  dermatitis  will  not  perform  or  assist  in  invasive  procedures 

or  other  direct  patient  care  activities  or  handle  equipment  used  for  patient  care. 

(17) .  The  Hospital  Product  Revirw  Subcommittee  will  review  the  feasibility  of  testing  engineering  controls  as  new 
ones  enter  the  market. 

c.  Personal  Protective  Equipment  (PPE). 

(1) .  Supervisors  will  insure  that  personal  protective  equipment  in  the  appropriate  sizes  is  readily  available  to 
employees  in  each  work  area  that  requires  it.  Supervisors  will  insure  that  employees  are  trained  in  its  use  and  use  it  as 
requir^.  PPE  not  currently  in  use  must  be  implemented  NLT  6  Jul  92. 

(2) .  PPE  is  provided  at  no  cost  to  the  employee  and  includes,  but  is  not  limited  to,  gloves,  gowns,  laboratory  coats, 

face  shields,  masks,  eye  protection,  and  mouthpieces,  resuscitation  bags,  pocket  masks,  or  other  ventilation  devices. 

(3) .  PPE  is  considered  appropriate  only  if  it  does  not  permit  blood  or  other  potentially  infectious  materials  to  pass 
through  orreachtheemployee'sworkclothes,streetclothes,undergarmenls,skin,eyes,mouth,orolhermucous  membranes 
under  normal  conditions  of  use  and  for  the  duration  of  time  which  the  PPE  will  be  used. 

(4) .  Supervisors  will  insurethatemployeesuseapprcpriatcpersonalprotectiveequipmentunlessthesupervisorcan 
show  that  the  employee  temporarily  and  briefly  declin^  to  use  PPE  when,  under  rare  and  extraordinary  circumstances,  it 
was  the  employee's  professional  judgment  that  in  the  specific  instance  its  use  would  have  prevented  the  delivery  of  health 
care  or  public  safety  services  or  would  have  posed  an  increased  hazard  to  the  safety  of  the  worker  or  a  coworker.  When  an 
employee  makes  this  judgment,  the  supervisor  will  investigate  and  document  the  circumstances.  The  documentation  will 
be  forwarded  to  the  Safety  Manager  NLT  the  next  duty  day.  The  supervisor  and  the  Safety  Manager  will  determine  whether 
cliaages  need  to  be  instituted  to  prcs'cnt  such  occurrences  in  the  future.  A  decision  not  to  use  protective  barriers  will  not 
be  applied  to  a  particular  work  area  or  a  recurring  task.  Neither  interference  with  ease  of  performance  of  a  procedure  nor 
improper  fit  of  equipment  arc  acceptable  reasons  to  not  use  PPE. 

(5) .  Supervisors  will  insure  that  PPE  in  the  appropriate  sizes  is  readily  accessible  at  the  v  orksite  or  is  issued  to 
employees.  Hypoallergenic  gloves,  glove  liners,  powderiess  gloves,  or  other  similar  alternatives  will  he  readily  accessible 
to  those  employees  who  are  allergic  to  gloves  normally  prowded. 
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(6) .  PPE  will  be  cleaned,  laundered,  or  disposed  of  by  WRAMC  at  nocost  to  personnel.  Laboratory  coats  that  are  used 
as  PPE  will  be  laundered  by  the  hospital  and  not  taken  home  for  laundering.  Persona!  clothing  contaminated  by  blood  or 
body  fluids  will  be  laundered  by  the  hospital  laundry  at  no  cost  to  the  employee.  Supervisors  will  contact  Linen  Services 
to  make  arrangements  for  laundering  persona!  clothing  when  contaminated. 

(7) .  Supervisors  will  insure  repair  or  replacement  of  all  reusable  equipment  as  needed  to  nraintain  effectiveness. 

(3).  If  PPE  items  are  penetrated  by  blood  or  other  potentially  infectious  materials,  the  item  will  be  removed 

immediately  or  as  soon  as  is  feasible. 

(9) .  All  PPE  will  be  removed  prior  to  leaving  the  work  area.  PPE  will  not  be  worn  into  designated  break  areas. 

(10) .  Gloves. 

(a) .  Latex  gloves  will  be  worn  when  it  can  be  reasonably  anticijxited  that  the  employee  may  have  hand  contact 
with  blood,  other  body  fluids,  mucous  membranes,  and  non-intact  skin;  when  performing  vascular  access  procedures;  and 
when  handling  or  touching  contaminated  items  or  surfaces. 

(b) .  Examples  of  tasks  where  gloves  will  be  worn  are:  Phlebotomy,  performing  finger  or  heel  sticks;  during 
instrumental  examirration  of  the  oropharynx,  gastrointestinal  tract,  and  genitourinary  tract;  during  invasive  procedures; 
during  all  cleaning  of  body  fluids  and  decontaminating  procedures;  handling  and  processing  blood  and  body  fluid  and 
tissue  spedmens;  when  exanrining  abraded  or  non-intact  skin  or  patients  with  active  bleeding;  when  emptying  drains  and 
Foley  catheter  bags;  and  when  rendering  emergency  medical  assistance  to  individuals  with  traumatic  injury. 

(c) .  Single  use  disposable  latex  gloves  shall  be  replaced  as  soon  as  practical  when  contaminated  or  as  soon  as 
feasible  if  they  are  tom,  punctured,  or  when  their  ability  to  function  as  a  barrier  is  compromised. 

(d) .  Gloves  will  be  changed  and  hands  washed  between  patients  or  during  the  care  of  a  single  patient  when 
moving  from  a  contaminated  to  a  clean  body  site  or  from  one  contaminated  site  to  another  contaminated  site.  Phlebotomists 
working  in  the  outpatient  phlebotomy  room  may  wear  gloves  with  several  patients  until  they  become  visibly  contaminated. 
This  exception  does  not  apply  to  phlebotombls  drawing  blood  on  inpatients  or  to  any  other  personnel  who  draw  blood. 

(e) .  Hands  will  be  washed  as  soon  as  possible  after  removal  of  gloves. 

(0.  Gloves  should  be  discarded  in  the  appropriate  container. 

(g) .  Disposable  gloves  such  as  surgical  or  examination  gloves  will  not  be  washed  or  decontaminated  for  re-use. 

(h) .  Sterile  surgical  gloves  should  be  used  for  procedures  involving  contact  with  normally  sterile  areas  of  the  body. 

(i) .  Latex  examination  gloves  should  beused  for  procedures  involving  contact  with  mucous  membranes,  unless 
otherwise  indicated,  and  for  other  patient  care  or  diagnostic  procedures  that  do  not  require  the  use  of  sterile  gloves. 

(j)  Double  gloving  may  be  used  for  invasive  surgical  procedures  where  prolonged  contact  with  blood  may  be 

expected. 

(k) .  Used  gloves  will  not  be  used  to  touch  telephones,  compu  ters,  keyboards,  charts,  elevator  buttons,  or  other 
uncontaminated  surfaces. 

(l) .  Non-patient  care  services  should  use  gloves  appropriate  to  their  type  of  work.  Heavy  duty  utility  gloves 
may  be  preferable  for  housekeeping  personnel.  These  gloves  may  be  washed  and  disinfected  for  reuse  if  the  integrity  of  the 
glove  is  not  compromised.  If  gloves  are  cracked,  peeling,  tom,  or  punctured,  they  arediscaroed. 

(11) .  Masks,  Eye  Protection,  and  Face  Shields, 

(a).  I.n  general,  whenever  a  mask  is  required,  eye  protection  is  required. 
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fb).  Masksincombinationwitheyeprotectiondevices,suchasgogglesorglasseswithsolidsideshields,orchin- 
length  face  shields  shall  be  worn  whenever  splashes,  spray,  splatter,  or  droplets  of  blood  or  other  body  fluids  may  be 
generated  and  eye,  nose,  or  mouth  contamination  can  be  reasonably  anticipated. 

(c) .  Prescription  glasses  may  be  used  as  protective  eyewear  as  long  as  they  are  equipped  with  solid  side  shields 
that  are  permanently  affixed  or  of  the  "add-on"  type. 

(d) .  Procedures  requiring  masks  and  eye  protection  include  endotracheal  intubation,  bronchoscopy,  GI 
endoscopy,  dental  procedures  that  splatter,  autopsy,  and  certain  surgical  and  other  invasive  procedures. 

(e) .  During  microsurgery,  when  it  is  not  reasonably  anticipated  that  there  would  be  any  splattering,  it  would 
not  constitute  a  violation  for  the  surgeon,  while  observing  surgery  through  a  microscope,  not  to  wear  other  eye  protection. 

(f) .  Masks  should  be  used  once  and  discarded  in  the  appropriate  waste  receptacle. 

(g) .  Masks  should  not  be  worn  around  the  neck  or  or.  top  of  the  head. 

(h) .  Masks  must  cover  both  the  nose  and  mouth  with  no  gaping  at  the  sides. 

(i) .  Reusable  goggles  and  face  shields  will  be  washed  with  an  approved  detergent  and  water  and  disinfected 
with  a  1:10  solution  of  bleach  after  each  use. 

(12) .  CJowns 

(a) .  Gowns,  aprons,  laboratory  coats,  or  clinic  jackets  must  be  worn  where  there  is  the  potential  for  reasonably 
anticipated  soiling  of  clothing  with  blood  or  other  potentially  infectious  materials. 

(b) .  A  cover  garment  is  appropriate  only  if  it  does  not  permit  blood  or  other  body  fluids  to  pass  through  to  or 
reach  the  employee's  work  clothes,  street  clothes,  or  undergarments. 

(c) .  Ck)wns  impervious  to  fluid  will  be  worn  for  surgical  procedures  and  autopsies. 

(d) .  A  long-sleeved  cover  will  be  worn  when  arms  are  likely  to  become  contaminated. 

(e) .  Scrubs  are  not  considered  PPEand  v;illbecoveredbyappropriategowr«,aprons,orlaboralory  coats  when 
splashes  to  skin  or  clothing  are  anticipated. 

(0.  A  gown  which  is  frequently  ripped  or  foils  apart  under  normal  use  would  not  be  considered  appropriate  PPE 

(g) .  A  cloth  gown  or  disposablecover  gown  will  not  generally  prevent  gross  liquid  contamination  from  soaking 
through  to  the  skin,  but  they  are  adequate  protection  for  common  bedside  patient  care  procures  in  situations  when  gross 
liquid /blood  contammation  is  not  likely. 

(h) .  Examples  of  activities  requiring  gowns  or  aprons  are:  changing  the  bed  of  an  itKontinent  patient,  lifting  or 
movinga  patient  with  draining  wounds,  diagnostic  and  therapeutic  procedures  that  may  cause  splattering  or  acrosolizalion, 
and  autopsy. 

(i) .  Ckrwns  and  aprons  should  be  worn  only  once  and  then  removed  and  placed  in  the  appropriate  receptacle. 
These  items  will  tKrt  be  worn  out  of  the  work  area. 

(p.  Gcth  gowns  and  lab  coats  will  be  placed  in  the  hospital  laundry  ccntaiiKrs. 

(k).  Paper  or  plastic  gowns/aprons  will  be  discarded  in  the  appropriate  waste  receptacle. 

(13) .  Surgical  caps  or  hoods  and/cr  shoe  covers  or  boots  will  be  worn  during  suigical  procedures,  autopsies,  or  other 
situations  when  gross  contamination  can  be  reasonably  anticipated.  Shoe  covers  must  be  removed  prior  to  leaving  the  work 
area  to  limit  migration  of  contamiiution  via  shoes  into  other  areas. 
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(14).  Seal-easy  masks  are  available  in  each  patient  room  and  in  other  areas  of  the  hospital  for  use  during  mouth-to- 
mouth  resuscitation  to  prevent  direct  contact  between  the  employee  and  the  patient.  Ambu-bags  are  at  each  bedside  in 
critical  care  areas  and  on  each  crash  cart  at  the  hospital.  The  seal-easy  masks  are  disposable  and  will  be  discarded  after  each 
use.  Ambu-bags  that  are  reusable  will  be  bagged  and  sent  to  CMS  (central  material  supply]  for  high-level  disinfection  or 
sterilization. 


d.  Housekeeping. 

(1 ) .  Supervisors  will  insure  that  the  work  area  is  maintained  in  a  clean  and  sanitary  condition.  The  provisions  of  this 
section  not  currently  implemented  will  be  in  use  NLT6  Jul  92. 

(2) .  All  equipment  and  environmental  and  working  surfaces  will  be  properly  cleaned  and  disinfected  after  contact 

with  blood  or  other  potentially  infectious  materials  and  on  a  regular  schedule  with  an  appropriate  disinfectant. 

(3) .  Contaminated  work  surfaces  will  be  decontaminated  with  an  appropriate  disinfectant  after  completion  of 
procedures;  immediately  or  as  soon  as  feasible  when  surfaces  are  overtly  contanunated  or  after  any  spill  of  blood  or  other 
body  fluids;  and  at  the  end  of  the  work  shift  if  thesurface  may  have  become  contaminated  since  the  last  cleaning.  A  phenolic 
disinfectant  approved  by  the  Infection  Control  Committee  and  used  according  to  the  manufacturer's  directions  will  be  used 
in  the  laboratory,  the  Operating  Room.,  and  Delivery  Room.  The  Dialysis  Unit  uses  bleach. 

(4) .  Blood  spills  will  be  cleaned  up  with  an  approved  detergent  and  wafer  and  the  area  disinfected  with  a  1:10  solution 

of  household  bleach  or  an  approved  phenolic  disinfectant. 

(5) .  Protective  coverings  such  as  plastic  wrap,  aluminum  foil,  or  imperviously-backed  absorbent  paper  may  be  used 
to  cover  equipment  and  environmental  surfaces.  Theseshali  be  removed  and  replaced  as  soon  as  feasible  when  they  become 
overtly  contaminated  and  between  patients. 

(6) .  All  bins,  pails,  caris,  and  similar  receptacles  intended  for  reuse  which  havea  potential  for  becoming  contaminated 
with  blood  or  other  body  fluids  shall  be  inspected,  cleaned  with  an  approved  detergent  and  water,  and  disinfected  with  a 
phenolic  disinfectant  or  a  1:10  solution  of  bleach  immediately  or  as  soon  as  possible  after  visible  contamination.  Routine 
cleaning  of  these  items  will  be  done  monthly. 

(7) .  Reusable  items  contaminated  with  blood  or  other  body  fluids  shall  be  washed  with  an  approved  detergent  and 
water.  If  an  item  is  to  be  returned  to  the  CMS,  it  will  be  placed  into  a  plastic  bag  for  transport  (the  bag  must  be  labelled  lAW 
the  Labels  and  Signs  section  of  this  plan).  If  the  item  remains  in  the  area,  it  will  be  iviped  down  with  a  phenolic  disinfectant 
or  a  1 :10  solution  of  bleach. 


(8).  Broken  glassware  which  may  be  contaminated  will  not  be  picked  up  directly  with  the  h3nd.s.  It  will  be  cleaned 

up  using  mechanical  mearu,  such  as  a  brush  and  dust  pan,  tongs,  or  forceps. 


(9).  Routine  Cleaning  Schedule: 


LOCATION 
Patient  Room 
Patient  Bathroom 
Exam  Room 
Procedure  Room 
Operating  Room 
Delivery  Room 
Dialysis 
Laboratory 


FREQUENCY 

Daily 

Daily- 

Daily 

Between  procedures 

Between  cases 

Between  deliveries 

Between  patients 

When  contaminated  and/or  daily 


e.  Regulated  Medical  Waste. 


CLEANERS  AND  DISINFECTANTS  USED 
Approved  quaternary  ammonium  disinfectant 
Approved  quaternary  ammonium  disinfectant 
Approved  quaternary  ammonium  disinfectant 
Approved  quaternary  ammonium  disinfectant 
Approved  phenolic  disinfectant 
Approved  phenolic  disinfectant 
Approved  detergent  and  1:10  bleach  solution 
Approved  phenolic  disinfectant 


(1).  Regulated  medical  w'aste(RMW),includingsharps,willbedisposed  of  IAW'WRAMCReg40-92andsection5.11, 
Collection  and  Handling  of  Regulated  Medical  Waste,  of  the  Infection  Control  Policy  and  Procedure  Guide  (Appendix  D). 
Saliva-soaked  gauze  and  cotton  rolls  in  dental  clinics  and  items  caked  with  dried  blood  and  capable  of  releasing  the  blood 
during  normal  handling  procedures  will  be  managed  as  RMW  NLT  6  Jul  92. 
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(2) .  When  moving  containers  of  contaminated  sharps  from  the  area  of  use.  the  containers  will  be  closed  immediately 
prior  to  removal  or  replacement  to  prevent  spillage  or  protrusion  of  contents  during  handling,  storage,  transport,  or 
shipping.  If  leakage  is  possible,  the  container  will  be  placed  in  a  secondary  container  that  is  closable,  constructed  to  contain 
all  contents  and  prevent  leakage  during  handling,  storage,  transport,  orshipping  and  labelled  or  red  in  color  I  AW  the  Labels 
and  Signs  section  of  this  plan. 

(3) .  Other  regulated  medical  waste  is  placed  in  plastic  bags  that  line  cardboard  boxes  which  are  labelled  lAW  the 
Labels  and  Signs  section  of  this  plan.  When  ^4  full,  the  bags  are  closed,  the  box  is  sealed,  and  labelled  with  a  bum  tag  on 
the  side  of  the  box.  If  outside  contamination  of  the  box  occurs,  the  waste  is  placed  in  a  second  bag  inside  another  labelled 
box. 


f.  Laundry. 

(1 ) .  All  soiled  linen  will  be  handled  using  universal  precautions.  Personnel  handling  linen  soiled  with  blood  or  other 
body  fluids  will  use  appropriate  PPE  as  described  in  the  Personal  Protective  Equipment  Section.  These  practices  are 
currently  in  place. 

(2) .  Soiled  linen  will  be  collected  in  white  or  green  laundry  bags  at  the  location  where  it  was  used,  if  linen  is 

excessively  wet,  place  it  in  a  clearer  black  plastic  hag  before  putting  it  in  the  laundry  bag. 

(3) .  Soiled  linen  will  not  be  sorted  or  rirued  in  patient  care  areas. 

11.  HEPAimS  B  VACaNATIO-N,  POST-EXPOSURE  EVALUATION  AND  FOLLOW  UP. 

a.  Vaccination  Program. 

To  protect  employees  as  much  as  possible  from  the  possibility  of  Hepatitis  B  infection,  WRAMC  implemented  a 
vaccination  program.  This  program  is  available,  at  nocost,  to  all  employees  who  have  occupational  expxjsure  to  blood-borne 
pathogens.  The  vaccination  program  consists  of  a  series  of  three  inoculations  over  a  6-month  period.  As  part  of  their  blood- 
bome-pathogens  training,  our  employees  have  received  information  regarding  hepatitis  vaccination,  including  its  safety 
and  effectiveness.  Occupational  Medianc  in  confunction  with  Allergy/Immunology  is  responsible  for  setting  up  and 
operating  our  vaccination  prc^ram.  Vacanations  are  performed  under  the  supervision  of  a  licensed  physician  or  other 
healthcare  professional.  To  ensure  that  all  employees  are  aware  of  our  vaccination  program,  it  is  thoroughly  discussed  in 
our  blood-bome  pathogens  training.  A  record  of  the  vaccination  status  of  all  employees  will  be  maintained  by  the 
Occupational  Medicine  Program.  Any  exposed  civilian  declining  to  be  vaccinated  will  sign  the  following  declination 
statement  (Appendix  E).  This  statement  will  be  maintained  in  the  employee's  medical  record. 

b.  Post-exposure  evaluation  and  follow  up. 

(1 ) .  Employees  involved  in  an  incident  where  exposure  to  blood-bome  pathogens  may  have  occurred  will  immedi¬ 
ately  report  to  the  Emergency  Room. 

(2) .  Thesupervisor  will  immediately  investigate  the  circumstances  surrounding  Iheexposure  incident  rvhile  making 

sure  that  our  employees  receive  medical  consultation  and  treatment  (if  required)  as  expeditiously  as  possible. 

(3) .  Treatment  will  be  in  accordance  with  the  Emergency  Room's  Needle  Stick  Protocol  (Appendix  R. 

(4) .  TheSafetyOffice  will  invetigatesveryexposureincident  that  occursinourfacility.Thisinvestigationis  initiated 

within  24  hours  after  the  incident  occurs  and  involves  gathering  the  following  information: 

•  When  the  incident  occurred.  Date  and  time. 

•  Where  the  incident  occurred.  Location  within  the  facility. 

•  What  potentially  infectious  materials  were  involved  in  the  incident.  Type  of  material  (blood,  amniotic  fluid,  etc.). 

•  Source  of  the  material. 

•  Under  what  circumstances  the  incident  occurred.  Type  of  work  being  performed. 

•  How  the  incident  was  caused.  Acddent/Unusual  circumstances  (such  as  equipment  malfunction,  power  outage,  etc.). 

•  Personal  protective  equipment  being  used  at  the  time  of  the  incident. 

•  Employee  decontamination/cleanup/notifications  made. 
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After  this  information  is  gathered  it  is  evaluated,  a  written  summary  of  the  incident  and  its  causes  is  prepared,  and 
recommendations  are  made  for  avoiding  similar  incidents  in  the  future  (Appendix  G). 

(5).  In  order  to  make  sure  that  our  employees  receive  the  best  and  most  timely  treatment  if  an  exposure  to  blood- 
bome  pathogens  should  occur,  our  facility  has  set  up  a  comprehensive  post-exposure  evaluation  and  follow-up  process 
(Appendix  H).  We  verify  that  all  the  steps  in  the  process  have  been  taken  correctly.  This  process  was  implement^  on  or 
before  July  6, 1992,  and  is  overseen  by  the  Occupational  Safety  and  Health  Conunittee. 

c.  Information  provided  to  the  healthcare  professional. 

Civilian  employees  have  the  right  to  choose  a  civilian  physician  for  treatment.  WRAMC,  however,  has  the  right  to 
evaluate  employees  who  are  injured  on  the  job.  Therefore,  perscni  el  who  suspect  they  have  been  exposed  to  a  blood-borne 
pathogen  are  to  report  fo  the  Emergency  Room  for  evaluation.  After  the  evaluation  should  the  employee  wish  to  be  seen 
by  their  private  physician  they  may  do  so.  To  assist  the  civilian  employee's  personal  healthcare  professional,  we  forward 
a  number  of  documents  to  them,  including  the  following  (Appendix  I): 

(1 ) .  A  copy  of  the  Blood-borne  Pathogens  Standard. 

(2) .  A  description  of  the  exposure  incident. 

(3) .  The  exposed  employee's  relevant  medical  records. 

(4) .  Other  pertinent  information. 

d.  Healthcare  professionals  written  opinion. 

Whether  the  employee  is  evaluated  and  treated  within  WRAMC  or  chooses  to  seek  care  in  the  private  sector,  the 
following  information  will  be  obtained  by  the  treating  physician  and  provided  to  WRAMC's  Occupational  Medicine 
Physician.  After  the  consultation,  the  healthcare  professional  provides  our  facility  with  a  written  opinion  evaluating  the 
exposed  employee's  situation.  The  Occupational  Medicine  Physician,  in  turn,  will  bjrnish  a  copy  of  this  opinion  to  the 
exposed  employee.  In  keeping  with  this  process'  emphasis  on  confidentiality,  the  written  opinion  will  contain  only  the 
following  information: 

(1 ) .  Whether  Hepatitis  B  Vaccination  is  indicated  for  the  employee. 

(2) .  Whether  the  employee  has  received  the  Hepatitis  B  Vaccination. 

(3) .  Confirmation  that  the  employee  has  been  informed  of  the  results  of  the  evaluation. 

(4) .  Confirmation  that  the  employee  has  been  told  about  any  medical  conditions  resulting  from  the  exposure 

incident  which  require  further  evaluation  or  treatment. 

(5) .  Ail  other  findings  or  diagnoses  will  remain  confidential  and  will  not  be  iiKluded  in  the  written  report.  An 

employee  fact  sheet  will  be  provided  to  the  employee  desenbing  the  symptoms  of  HIV  and  HBV  infection  (Appendix  ]). 

c.  Medical  recordkeeping. 

To  make  sure  that  we  have  as  much  medical  information  available  to  the  participating  healthcare  professional  as  possible, 
our  facility  maintains  comprehensive  medical  records  on  our  employees.  The  Occupational  Medicine  Physician  is 
responsible  for  setting  up  and  maintaining  these  records,  which  include  the  following  information: 

(1 ) .  Name  of  the  employee. 

(2) .  Social  security  number  of  the  employee. 

(3) .  A  copy  of  the  employee's  Hepatitis  B  Vaccination  statu.s.  Dates  of  any  vaccinations. 
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(4) .  Medical  records  relative  to  the  employee’s  ability  to  receive  vaccination. 

(5) .  Copies  of  the  results  of  the  examinations,  medical  testing,  and  follow-up  procedures  which  took  place  as  a  result 

of  an  employee's  exposure  to  blood-borne  pathogens. 

(6) .  A  copy  of  the  information  provided  to  theconsulting  healthcare  professional  as  a  result  of  any  exposure  toblood- 

bome  pathogens. 

(7) .  As  with  all  information  in  these  areas,  we  recognise  that  it  is  important  to  keep  the  information  u  .hese  medical 
records  confidential.  We  will  not  disclose  or  report  this  information  to  anyone  without  our  employee's  written  consent 
(except  as  required  by  law). 


Source:  Waxdahl,  KA,  LTC,  AN,  Chief,  Infection  Control  Service;  Phillips,  KG,  MAJ,  MC,  Chief,  Occupational  Medicine  Program. 
Exposure  Control  Plan.  Washington,  DC;  Walter  Reed  Army  Medical  Center.  4  May  1991: 16-31. 


163 


Chapter  6 

HEALTH  HAZARD  ASSESSMENTS 


ROBERT  A.  GROSS,  M.S  *  and  W.  THOMAS  BROADWATER^ 


INTRODUCnON 

Rationale 

History 

THE  HEALTH  HAZARD  ASSESSMENT  PROGRAM 
Organizational  Support 
The  Health  Hazard  Assessment  Report 
Health  Hazard  Assessments  During  the  Materiel 
Acquisition  Decision  Process 

FINDINGS  OF  HEALTH  HAZARD  ASSESSMENTS 
Acoustical  Energy 
Biological  Substances 
Chemical  Substances 
Oxygen  Deficiency 
Radiation  Energy 
Siiock 

Temperature  Extremes 
Physical  Trauma 
Vibration 

SUMMARY 

THEATER  HIGH  ALTITUDE  AREA  DEFENSE  SYSTEM: 

INITIAL  HEALTH  HAZARD  ASSESSMENT  REPORT 


'hidiisirut  Health  Hazard  Assessment  Office,  U.S.  Army  Environmental  Hygiene  Agency,  Lieutenant  Colonel,  US.  Air  Force  Reserve, 

Biomedical  Sciences  Corfis,  Biocnvironmnilal  Engineer 

^Lieutenant  Colonel,  US.  Army,  Medical  Service  Corps,  Sanitary  Engineer.  U.S,  Army  Environmental  Hygiene  Agency,  Aberdeen  Proving  Croiiiid, 
Maryland  21010-5422:  formerly.  Environmental  Folliitioii  Consultant  to  The  U.S.  Army  Surgeon  General 
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INlUODUCnON 


Although  military  duty  is  inherently  hazardous, 
soldiers  in  combat  should  not  be  placed  at  a  disadvan¬ 
tage  or  at  unusual  risk  because  their  hardware  is 
deficient  or  information  is  lacking  regarding  the  health 
hazards  associated  with  their  equipment.'  Neither 
should  .soldiers  be  exposed  unnecessarily  to  health 
hazards  during  training,  even  though  the  training 
must  be  realistic  to  achieve  a  high  degree  of  opera¬ 
tional  readiness.  Therefore,  the  Army  Medical 
Department's  (AMEDEys)  mission — to  conserve  the 
fighting  strength— must  include  reducing  the  risks  to 
soldiers'  health  that  are  posed  by  their  own  materiel 
(military  equipment,  weapons,  clothing,  and  training 
devices).  AMEDD  must  ensure  that  soldiers  do  not 
suffer  serious  adverse  health  effects  as  a  result  of 
operating  their  materiel  systems,  and  that  the  equip¬ 
ment  itself  does  not  prevent  them  from  performing  at 
maximum  efficiency. 

By  1983,  Department  of  Defei^e  (DoD)  Directive 
5(X)0.1,  Major  Systems  Accjuisitions,  liad  instructed  all 
uniformed  services  to  consider  health  hazard  assess¬ 
ment  as  an  integral  part  of  their  materiel  acquisition 
process,  and  Army  Regulation  (AR)  4^10,  which  for¬ 
mally  established  the  U5.  Army  Health  Hazard  As¬ 
sessment  (HHA)  Program,  was  published  in  October 
of  that  year.^’  When  properly  executed  and  integrated 
into  the  army's  Materiel  Acquisition  Decision  Process 
(M  ADP),  the  HHA  Program  not  only  prevents  injuries 
and  job-related  illnesses,  but  it  also  enhances  the 
soldier's  ability  to  accomplish  his  or  her  mission.  For 
example,  excess  carUm  monoxide  reduces  visual  acu¬ 
ity  (see  Chapter  8,  Conserving  Vision,  and  Chapter  1 1, 
Carbon  Monoxide).  By  eliminating  or  reducing  car¬ 
bon  monoxide  to  its  lowest  acceptable  level,  the  HHA 
Program  prevents  the  soldier's  performance  from  be¬ 
ing  degraded.  There  are  no  formalized,  mandatory 
civilian  programs  for  assessing  the  potential  health 
hazards  of  equipment  during  the  research  and  devel¬ 
opment  stages. 

Rationale 

The  HHA  process  applies  biomedical  knowledge 
and  principles  to  document  and  quantitatively  deter¬ 
mine  the  risks  that  the  materiel  itself  poses  to  the  health 
and  effectiveness  of  the  personnel  who  test,  use,  or 
maintain  U5.  Army  equipment.  The  primary  objec¬ 
tive  of  the  HHA  Program  is  to  identify,  assess,  and 
eliminate  or  control  health  hazards  associated  with 


weapons  systems  during  the  early  stages  of  develop¬ 
ment  and  acquisition.  Specifically,  the  program  objec¬ 
tives  are  to  identify  and  evaluate  the  health  hazards 
caused  by  materiel  to 

•  preserve  and  protect  the  soldier  from  such 
health  hazards, 

•  reducesoldierperformancedeCTementanden- 
hance  system  effectiveness, 

•  reduce  the  need  for  retrofitting  system  designs, 

•  enhance  readiness  by  reducing  health  hazards 
that  cause  training  or  operational  restrictions 
(eg,  reducing  carbon  monoxide  to  an  accept¬ 
able  level  so  that  more  rounds  can  be  fired), 
and 

•  save  money  by  eliminating  or  reducing  occu¬ 
pational  injury  and  illness  compensations  at¬ 
tributable  to  health  hazards  from  the  use  of 
army  materiel.^ 

This  evaluation  of  hazard  severity  and  hazard 
probability  provides  decision  makers  with  (o)  a  formal 
estimate  of  the  health  risks  associated  with  military 
hardware  as  it  proceeds  through  the  acquisition  pro¬ 
cess,  (b)  a  summary  and  discussion  of  potential  and 
real  health  hazard  issues,  and  (c)  recommendations  for 
methods  of  controlling,  mitigating,  reducing,  or  elimi¬ 
nating  hazards.^ 

Militarily  unique  settings  offer  the  preventive 
medicine  team  unusual  and  complex  challenges.  For 
example,  tank  or  aviation  crews  can  be  exposed  to 
simultaneous  stresses — such  as  acoustical  energy, 
chemical  substances,  teniperature  extremes,  and  whole- 
body  vibration — each  of  which  can  produce  several 
differentadversehealtheffects.^  All  occupational  health 
professionak  within  the  military  must  deal  effectively 
with  the  traditional  hazards  of  an  installation's  indus¬ 
trial  setting  and  the  unique  hazards  of  the  military ;  and 
all  military  physicians  must  be  competent  to  diagnose, 
manage,  and  report  the  adverse  health  effects  associ¬ 
ated  with  testing,  using,  and  maintairring  military 
equipment. 

During  the  late  1970s  and  early  1980s,  the  army 
leadership  as  well  as  AMEDD  and  the  materiel  devel¬ 
opers  recognized  the  need  fora  medical  review  of  new 
or  improved  equipment.  This  resulted  from 
an  increased  awareness  that  soldier  performance  decre¬ 
ments  (short-tenrr,  materiel-induced  conditions  that 
prevent  a  soldier  from  performing  at  maximum  effi- 
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Fig.  >  -t.  The  !■•■>  mm  Towed  Howitzer  Thv.  i>  a  helicopler-tr.inswrlnble  155-mm  medium  fou.  ,1  howitzer. 
1*  hiis  j  con\entioiVti  ^pllt  ir.iil  t.TTWge.ind  um.’s.i  hvdn>pneum.it:i.  Teto;!  met  h.inism.  The  maximum  r.iteof  tire  isTroundv 
,  t  minute  for  the  first  1  minutes  jnd  2  rounds  per  minute  susudned.  it  is  lop-ible  of  finng  a  %  pt»und  nnket-.issisted 
-rolixtile  to  .i  r.inge  of  W  km. 
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Fig. 6-2.  Thi'  Multiple'  Liunch  Rucki'f  tVll.RS)  Tho  MI.R5  js a  frci'-flight  artillcn  nicki't  systt'in  that  impnne.  the* 

coavi'ntional,  indin'Ct-firo  capability  of  the  field  army.  It  conMM>  of  a  12-round  launcher  mounti'd  on  a  mobile,  tracked 
vehicle  The  Ml.RS  is  capable  of  launchi.ng  rcK'kets.  cc  ith  v  ary  ing  types  of  u  arheads,  either  one  at  a  time  or  in  rapid  npples, 
to  ranges  K'vond  .10  km. 


Fig.  6-.\  TheBraJlec  fighting  Vehicle  (BFV  )  Ihe  BFVisn.iinc'J!.r  the  late  General  of  the  Arm\  Omar \.  Bradley.  Tv.o 
cers:ons,theM2lnfantn  Fighting  Vehicle  ilFVtand  the  Mltacalrc  rightingXehuIeit  fA  i.areextenully  indistingiiish.!ble 
andha\ethes.imc  arnv.mentandautc'moticc  pcTformancc  T’.c  ma|c>f dillerencc  K'luivntheM2andM1isthiaaangement 
e>l  theirc'u  tonifiirtmenl  and  intcnuil  storage  The  armanicnt  me  ludes  the  M242  2s' mm  chain  gun.  M2-lil7n2-mmco.i\ial 
machine  gun.  and  a  TC>VV  (tiiK-  laiinihcM.  optuallc  trackcM.  uirc'.guidcM)  antitank  missile  launcher 
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F!g.6-4.  TheSlinger  Manportable  Antiaircraft  Missile.  The  Stinger  wasdevcIopH.’vl  by  the  army  to  proxide  individual  comPot 
soldiers  with  effective  air  defense  in  forward  combat  areas.  It  is  so  popular  that  it  is  integrated  into  the  active  mventones 
of  all  four  armed  services.  Three  variants  am  in  operational  inventories,  the  basic  Stinger,  Stinger-IOST  (passive  optical 
seeker  technique),  and  Stinger-RMI’  (ri.*programmafale  microprocesjs'r). 


ciency)  and  adverse  health  effects  wen?  as'txiatod 
with  the  use  of  field  equipment  and  were  defining  the 
limits  of  technology  for  nexv  systems.  Systems  that 
were  developed  during  this  time,  which  could  have 
benefited  from  very'  early  AMEDD  HM  A  input  during 
the  MADP,  include  the  M198  155-mm  howitzer  (Fig¬ 
ure  6-1),  the  Multiple  Launch  Rocket  System  (MLRS, 
Figure  fr-2).  the  Bradley  Rghiing  Vehicle  (BFV,  Figure 
6-3),  and  the  Stinger  Manportable  Antiaircraft  Missile 
(Figure  6-4). 

Soldiers  who  fired  the  M 1 98  expcriencc^d  chest-wall 
pain  and  blood-tinged  sputum.  These  are  signs  of 
primnry  blast  injury,  which  occurred  when  the  weapon 
w'ds  fired. 

B/(i<.'  injury  is  a  genera!  term  that  refers  to  the  bio- 
physicaland  pathophysiological  events  and  the  clini¬ 
cal  syndromes  that  iKCur  when  a  living  txxly  is  ex¬ 
posed  to  blast  of  any  ongin.  Blast-wave  physical 
properties,  the  complexitv  of  the  xvaveform.  and  the 
number  of  blast  repetitions  determine  the  potential 
for  primary  blast  iii/i/ry.''’^’*'' 

In  this  instance,  blast  injury  was  controlled  by  iv- 
stricting  the  number  of  rounds  (blast  repetitions)  fired 
each  day  by  each  member  of  the  howitzer  crew. 

Hydnigen  chloride  is  a  combustion  product  of  am¬ 
monium  pcrchlorate-lwsed  pixipillant  used  in  the 


MLRS  missile.  The  MLRS  crew  members cxpcricnc*.*d 
temporary'  eye  and  respiraloty  imtation  when  hydro¬ 
gen  chloride  gas  entered  the  crexv  compartment  dur¬ 
ing  missile  launch.  The  hydrogen  chloride  levels 
outside  the  crew  compartment  arealso  high  enough  to 
incajMcitateunprotectcd  personnel.  An  early  medical 
review  would  probably  have  recommended  the  use  of 
an  alternate,  safe  propellant.  Initially,  aew  members 
inside  the  ervw  compartment  were  required  to  xvear 
their  protective  masks  until  modifications  were  made 
to  improve  the  compartment  seals  ar.d  overpressure 
system. 

Several  shortcomings  were  found  in  the  design  of 
the  BFV.  The  high,  steady-stale  (continuous)  noise 
levels  were  similar  to  those  found  in  its  predecessor. 
Such  high  noise  levels  are  typical  j;;  armored  tracked 
vehicles,  .md  are  characteristic  of  the  existing  design  of 
their  suspension  and  drivesy’slem.  Hearing  iossamong 
crew  members  tind  passengers  is  contmlled  by  double 
hearing  protection  (the  Combat  Vehicle  Crewmember 
ICVCi  DH-132  helmet  and  army-approved  ear  plugs) 
and  limiting  the  time  each  day  that  personnel  can 
occupy  the  vehicle.  I  loxvever,  double  hearing  protec¬ 
tion  ad\  ersely  affects  speech  intelligibility  among  civxx 
members  talking,  on  the  vehirie'sinlercom  system,  and 
betv  een  the  crew  and  external  communications  sta¬ 
tions.  /inother  shortcoming  of  the  BFV  is  that  the 
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heater  in  the  crew  compartment  is  unable  to  provide 
adequate  heat  while  operating  at  the  vehicle's  mini- 
mumdfcS!gntemperature,andlowtemperature3vdthin 
the  crew  compartment  adversely  a^ect  the  crew's 
ability  to  operate  the  vehicle.  Testing  found  the  heater 
to  be  unsat'sfactory,  especially  at  the  driver's  position. 
An  early  medical  review  would  probably  have  recom¬ 
mended  that  more  appropriate  heater  performance  in 
the  crew  compartment  ^  included  in  tlie  vehicle's 
design  specifications. 

The  rocket  motor  in  the  Stinger,  like  that  in  the 
MLRS,  uses  ammonium  perchlorate-^ased  propel¬ 
lant.  Recommendations  to  wear  the  protective  mask 
to  prevent  respiratory  tract  irritation  from  the  high 
concentrations  of  hydrogen  chloride  gas  following  a 
Stinger  firing  proved  to  be  ’ruippropriate;  a  soldier 
must  also  hold  his  breath  for  ^  to  60  seconds  after 
tiring  a  Stinger  to  prevent  any  additional  performance 
decrement  The  protective  equipment  of  choice  (the 
mask)  interferes  with  the  soldier's  ability  to  use  the 
weapon:  ^''efecemask  prevents  the  soldier  from  plac¬ 


ing  the  weapon  against  his  cheekbone.  Using  a  differ¬ 
ent  propellant  would  have  solved  this  problem.  How¬ 
ever,  the  Stinger  was  one  of  the  first  weapons  systems 
evaluated  as  part  of  the  HHA  Program;  the  weapon 
had  already  been  fielded  and  its  design  could  not  be 
changed. 

Unfortunately,  because  tliese  shortcomings  have 
not  been  properly  addressed,  they  arc  perpetuated. 
Inaeased  costs  and  additional  health  concerns  inevi¬ 
tably  result  as  combat  and  materiel  developers  at¬ 
tempt  to  improve  or  incorporate  existing  equipment 
into  developing  systems. 

History 

In  1866,  the  army  replaced  the  union  repeating  gun 
with  the  Gatling  gun — a  six-barrel  machine  gun  that 
employed  a  new,  improved,  steel-jacketed  cartridge.*^ 
The  r^esign  solved  the  sharp-trauma  hazard:  the 
misaligrunent  of  the  gun  parts  had  oused  soft  metal 
particles  to  be  shaved  off;  the  steel-jacketed  cartridge 


Rg.  6-5.  While  Armored  Car  tM!913-1914),  shown  at  the  US.  Army  Ordnance  Museum,  Aberdeen  Proving  GtouikI, 
Maryb.nd,  Built  by  the  White  Motor  Company,  this  vehicle  weighed  about  2  tons  and  was  a  built-up  armored  truck.  It  ha<i 
dual  rear  wheels  with  pneumatic  tires  and  a  caliber  JO  Vickers-Maxim  machine  gun  in  the  rounded  turret.  It  was  used  by 
Genera!  Pershing's  troops  along  the  Mexican  border  in  1916  during  their  pursuit  of  PaiKho  Villa. 
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prevented  this  shaving.  However,  we  have  no  idea 
whether  the  Gatling  gun  eliminated  other  health  haz¬ 
ards  such  as  toxic  fumes,  segmental  vibration,  or  im¬ 
pulse  noise,  because  these  were  not  recognized  as  health 
hazards. 

The  cavalry's  conversion  of  the  horseless  carriage 
into  a  moving  armored  fortress  was  probably  one  of 
the  earliest  steps  in  the  development  of  the  tank.  At 
least  as  early  as  1902,  a  heavy,  low-powered,  armored 
car  with  a  periscope  was  developed  (Rgure  6-5).^ 

The  US.  Army  used  some  versions  of  early  armored 
vehicles  along  the  Mexican  border  in  1916.  A-mored 
cars  are  lighter-armored,  wheeled,  and  carry  s  ma¬ 
chine  gun.  Tanks  have  heavier  annor,  heavier  weap¬ 
ons,  and  are  tracked  vehicles.  However,  the  develop¬ 
ment  of  tanks  required  the  concomitant  development 
of  two  major  technologies:  at»  internal  combustion 
engine  capable  of  providing  sufficient  power  to  move 
the  heavy  tanks,  and  traclU  that  would  peimit  the 
vehicle  to  cross  rough  terrain.’^ 

Tanks,  like  machine  guns,  were  developed  during 
an  era  when  occupational  health  hazards  were  not  a 
concern.  Although  specific  health  liazards  associated 
with  the  earliest  tanfe  were  not  documented,  we  am 
assume  that  the  steady-state  noise  and  whole-body 
vibration  from  the  primitive  track  design  would  have 
caused  severe  health  problems  for  soldiers  in  the 
tanks,  and  that  the  engines  would  have  caused  expo¬ 
sure  to  heat  and  toxic  combusrion  products.  Soldiers 
in  tanks  during  World  War  I  defmitely  experienced 
health  hazards  that  were  different  from  the  impulse 
noise  and  blast  overpressure  traditionally  associated 
with  artillery  and  small  arms: 


Inside  the  tanks,  the  crews  wOTked  manfully  to  steer  and 
control  thar  lumbering  charges.  There  was  ver\'  little 
room  to  move  about  in,  most  of  the  space  being  taken  up 
by  the  large  petrol  engirre  in  the  centre.  Theinteriorwas 
dimly  lit  by  a  naked  electrfc  light  bulb,  fed  from  the 
batteries.  Vision  to  the  outside  was  provided  through 
narrow  glass  prisms,  v/hkh  had  a  h^t  of  splintering 
into  a  driver's  eyes  when  hit  by  a  bullet.^ 

The  first  major  tank  battle  occurred  in  northern 
France  on  20  November  1917,  when  378  tanks  moved 
from  behind  British  lines  (see  Figure  1-5,  Chapter  1, 
OccupHonal  Health  in  the  U5.  Army).  The  crews 
itxside  these  tanks  experienced  noise  and  vibration  so 
intense  that  their  wireless  transmitters  could  not  be 
used.^  Semaphores  were  adopted  as  a  less-lhan-ideal 
alternative.  (Even  now,  the  noise  in  tanks  is  so  extreme 
that  tank  comma  nders  often  use  hand  and  arm  signals 
to  communicate.) 

The  Armored  Medical  Research  Laboratory  was 
established  at  Fort  Knox,  Kentucky,  in  early  1942as  the 
US.  Army's  first  organized  attempt  to  evaluate  the 
medical  consequences  of  weapons  systems  designs. 
During  World  War  II,  the  staff— physicians,  medical 
and  physical  scientists,  and  engineers — compiled  an 
impressive  array  of  reports  covering  a  wide  range  of 
human  factors  and  health  issues  such  as  fatigue,  heat 
stress,  and  toxic  gases.*’’  The  laboratory  made  ex¬ 
tremely  valuable  contributions  regarding  the  identifi¬ 
cation,  evaluation,  and  control  of  health  hazards  asso¬ 
ciated  withtheuseofmilitarycquipment.  Tfiemedical 
department,  however,  had  yet  to  grasp  the  importance 
of  systematically  reviewing  pew  military  items  for 
hcalthhazards  posed  tothecperatorsand  maintainers. 


THE  HEALTH  HAZARD  ASSESSMENT  PROGRAM 


Weapons  and  equipment  development  continued 
after  World  War  il..  yet  AMEDD  was  still  not  inte¬ 
grated  into  the  MADP,  through  which  new  materiel 
itemsaredeveloped  and  fielded.  As  a  consequence  of 
the  questions  that  had  been  raised  during  the  final 
stages  of  development  of  the  M198  howitzer  and  the 
BFV  system,  the  application  or  technology  to  new  or 
improved  systems  was  seen  to  be  iimit^  by  soldier 
performance  decrements  and  adverse  health  effects. 
Thus,  army  leadership— including  the  vice  chief  of 
staff,  surgeon  general,  deputy  chief  of  stafr  for  person¬ 
nel, and  deputy  chief  of  staff  foropetations — directed 
the  formalization  of  a  pnxess  to  address,  as  early  as 
possible  in  the  MADP,  health  hazard  issues  assodated 
with  new  materiel  The  US  Army  Health  Hazard 
Assessment  Program,  which  ^vas  fcrmally  established 
with  the  publicalion  of  AR  40-10,  requires  that  a  medi¬ 


cal  review  of  materiel  items  be  performed  at  critical 
decision  points  during  the  MADP.* 

In  1987,  the  Department  of  the  Army  undertook  a 
large-scale  effort  to  address  the  bazars  of  increas¬ 
ingly  powerful  and  sophisticated  weapons  systems; 
greater  noise  and  blast  overpressure,  m.ore  shock  and 
vibration,  arrd  higher  concentrations  of  toxic  fumes 
and  gases.'"  The  army's  deputy  chief  of  staff  for  per¬ 
sonnel  initiated  the  Manpower  and  Persoimel  Integra¬ 
tion  (MANPRINT)  Plograrn.''  MaNPRINT  integrates 
the  full  range  of  human  factors  engineering,  manpower, 
personiwl,  training,  HHA,  and  system  saJety coasidej- 
elions,  with  tiie  goal  of  impre^ving  the  performance  of 
the  individual  soldier  and  the  total  system  threughout 
IheMADP.  This  ensures  that  the  human  aspect  of  the 
soldier-machine  interface  are  considered  early  in  the 
design  and  devek^rment  of  wcapotrs  systems. 
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The  HHA  Program  is  a  primary  domain  within  the 
overall  MANPRINT  Program.  Oreful  coordination 
and  interaction  between  HHA  Program  activities  and 
other  MANPRINT  domains  are  essential  for  a  cohe¬ 
sive,  comprehensive,  and  efficient  MADP.  Thus,  the 
MANPRINT  joint  working  groups  integrate  the  HHA 
report  throughout  ail  MANPRINT  domains  (such  as 
human  factors  engineering;  system  safety  engineer¬ 
ing;  and  manpower,  personnel,  and  training  assess¬ 
ments).  In  addition,  the  U5.  Army  Systems  Acquisi¬ 
tion  Review  Council  verifies  that  the  Office  cf  The 
Surgeon  (General  (OTSG)  has  completed  the  proper 
HHA  report,  and  that  appropriate  action  is  taken  by 
the  materiel  developer  or  the  combat  developer  to 
resolve  health  hazard  issues.  AR  40-10  defines  a  mafc- 
rie!  develof^  as  "any  organization  responsible  for  de¬ 
veloping  or  modifying  materiel"  and  a  combat  developer 
as  "any  organization  responsible  for  developing  or 
modi^ng  doctrine  on  how  the  Army  will  fight"^’’’“ 

Organizational  Support 

The  AMEDD  organizations  that  ha  ve  major  roles  in 
supporting  combat  and  materiel  developers  within 
iheHHA  Program,  including  technicalexpertise(which 
can  include  manpower),  are  the  OTSG,  the  Health 
Services  Command  (HSO,  and  the  Medical  Research 
and  Development  Command  (MRDC).  Together,  these 
organizatioas  (a)  coordinate  the  program  and  estab¬ 
lish  program  JwKcy;  (5)  review  requirements  docu¬ 
ments,  serve  on  MANPRINT  joint  working  groups, 
and  assist  in  preparing  the  System  MANPRINT  Man¬ 
agement  Plan  (SMMP);  and  (c)  conduct  biomedical 
research. 

Program  Coordination  and  Policy  Establishment 

"he  OTSG  is  the  proponent  of  the  HHA  ftogram, 
and  thus  establishes  program  policj'  aiKl  provides 
coordination  for  the  program.  The  HHA  coordinator, 
assigned  to  the  Preventiveand  Military  MedidneCon- 
sultants  Division  or  ilie  OTSG,  ptosides  this  coordina¬ 
tion.  Normally,  HSC's  U5.  Army  Environmental 
Hygiene  Agency  (USAEKA)  prepares  the  HHA  re¬ 
ports,  but  occasionally  the  MRDC  prepares  them.*““ 

Retfuhrments  Documents 

The  army's  requirements  for  a  particular  materiel 
system  that  is  nec^sary  to  correct  a  battlefield  deft- 
dcncy,  based  on  current  army  combat  doctrine,  are 
contained  wUhxTiHreijuiremenls  document.  Thecombat 
developer  prepares  the  reqairements  document  and 
staffs  it  w'orldwide  for  commertts  or.  the  concept.  This 


is  known  as  the  concept-based  requirements  system. 

Several  components  within  the  HSC,  including  the 
AMEDD  Center  and  School  (formerly  called  the  Acad¬ 
emy  of  HealthSdences),  review  and  comment  on  these 
documents.  Preventive  medidne  personnel  at  Medi¬ 
cal  Department  Activities  (MEDDACs) — which  sup¬ 
port  Training  and  Doctrine  Command  (TRADCXT) 
schools  and  integrating  centers — work  with  the  Direc¬ 
tor  of  Combat  Development  to  review  requirements 
documents  and  provide  relevant  health  hazard  assess¬ 
ment  guidance. 

Biomedical  Research 

The  OTSG  and  the  MRDC  play  important  roles  in 
biomedical  research.  The  OTSG  is  responsible  for 
identifying  the  health  hazard  assessment-related  bio¬ 
medical  research  needs.  The  MRDC  and  the  OTSG 
both  establish  and  prioritize  HHA  research  require¬ 
ments;  the  MRDC  then  performs  the  HHA  research  as 
a  part  of  its  larger  medical  research  and  development 
programs.  Such  research  may  consist  of  laboratory 
investigations,  the  development  of  technology  and 
metho^logy,  niathamatical  modeling,  field  evalua¬ 
tions,  or  epidemiological  surveys. 

Biomedical  research  can  be  used  to  improve  or 
develop  new  tools  to  advance  HHA  capabilities.  For 
example,  the  HHA  Program  may  be  using  tools  (such 
asbiomedicaldalabases,pTedictionmodels,andmeth- 
ods  for  evaluating  protection)  that  are  unable  to  mea¬ 
sure  the  specific  healffi  hazards  of  a  developing  sys¬ 
tem.  The  HHA  Program  has  a  mission  to  develop 
technology-based  research  efforts  aimedatanswering 
health  hazard-related  questions  that  are  militarily 
uniqueand  that  have  no  direct  cor /elates  in  IhecivUian 
occupational  health  community.  Examples  of  militar¬ 
ily  unique  biotnedic?!  research  issues  include 

•  developing  standards  for 

o  exptHure  to  taibon  moncJtide: 
o  short-term,  high-level  exposures  to  hydro¬ 
gen  chloride  and  ammonia  from  missile 
firing; 

o  exposure  to  lead  from  the  firing  of  self-pro¬ 
pelled  artilleiy; 

a  short-term,  high-level  exposures  to  hydro¬ 
gen  fluoride  and  hydrogen  bromide  as  com¬ 
bustion  and  decomposition  biqproducts  of 
halon  fire-extinguishing  agents; 

*  whole-body  vibration  from  operating  tacti¬ 
cal  vehicles;  and 
a  exposure  to  acoustka!  energy: 

•  and  characterizing  the  loxidty  of 

o  military  smokes  and  obscurant::. 
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o  propellant  compounds,  and 
o  materials  that  come  in  direct  contact  with  the 
soldier. 

The  identification  of  health  hazard  research  needs 
usually  results  from  voids  in  basic  data  that  are  to  be 
applied  to  the  HHA  of  materiel.  These  research  needs, 
in  addition  to  the  identihed  deficiencies  and  require¬ 
ments,  should  be  specified  in  key  MADP  plaiming 
documents  (such  as  Mission  Area  Analysis  and  the 
Battlefield  Development  Plan).  However,  the  incorpo¬ 
ration  of  these  research  requirements  into  the  HHA's 
research  effort  requires  close  coordination  between 
plaimingagencies,especiallyTRADOC,theUS.Army 
Materiel  Command  (AMC),and  theOTSG.  Therefore, 
it  is  essential  that  combat  system  and  technology  de¬ 
velopers,  test  and  evaluation  personnel,  and  human 
factors  and  system  safety  persormel  notify  the  OTSG 
when  potential  health  ha;^d  research  requirements 
come  to  their  attention.  In  addition,  the  MANPRINT 
joint  working  group  should  document  health  hazard 
research  requirements  in  SMMPs. 

Biomedical  research  is  funded  by  the  MRDC,  the 
materiel  developer,  or  the  Program  Executive  Office 
budget,  depending  on  whether  the  research  is  related 
to  a  specific  materiel  sj'stem.  The  MRDC  provides 
funds  for  generic,  arm)rwide,  HHA-based,  research 
needs  that  are  not  system  specific.  However,  funding 
for  health  hazard  research  that  is  relevant  to  specific 
materiel  systems  relies  heavily  on  research,  develop¬ 
ment,  testing,  and  evaluation  funds  from  the  materiel 


developer  or  Program  Executive  Office  budget  This 
research  forms  the  basis  for  the  materiel  developer  to 
provide  customer  funds  to  the  MRDC. 

Funds  for  health  hazard  research  that  is  required  to 
address  specific  health  hazards  associated  with  a  par¬ 
ticular  materiel-acquisition  program  should  be  identi¬ 
fied  as  early  as  possible  in  key  acquisition  program 
management  documents,  including  the  SMMP,  to  en¬ 
sure  that  adequate  resources  are  available  in  a  timely 
manner. 

The  Health  Hazard  Assessment  Report 

The  HHA  report  is  a  standardized,  systematic, 
multidisciplinary  evaluation  of  the  health  risks  associ¬ 
ated  with  a  materiel  system.  The  HHA  report  deter¬ 
mines  if  materiel  systems  pose  any  potential  health 
hazards,  and  presents  recommendations  for  corrective 
orpreventivemeasuresorboth.  Thereportisdesigned 
to  document  the  logical  process  for  developing  recom¬ 
mendations  (Table  6-1).  AR  40-10  defines  the  report's 
content  and  preparation.' 

An  initial  liHA  report  is  usually  prepared  early  in 
the  developmental  cycle  and  identifies 

•  potential  health  hazard  issues  associated  with 
a  materiel  solution  for  a  projected  battlefield 
deficiency  (an  item  is  either  developed  or  pur¬ 
chased  to  solve  a  deficiency),  and 

•  pertinent  health  standards  based  on  both  de¬ 
velopmental  and  predecessor  systems. 


TABLE  6-1 

FORMAT  FOR  THE  HEALTH  HAZARD  ASSESSMENT  REPORT 


Paragraph  Topics  Contents 


References 

Summary 

Background 

IdentificaSon  of  Issues 
Assessment  of  Issues 
Recommendations 
Identification  of  Preparer 


listing  of  source  materials 

Executive  overview  with  a  brief  sy.-^tem  desaiption,  potential  health  hazards,  and 
a  brief  assessment  of  the  system  with  major  recommendations 

System  description,  use  scenario,  acquisition  strategy,  summary  of  previous 
assessments/text  reports  used  to  evaluate  the  system 

Listing  of  potential/actual  health  hazards  associated  with  the  system 

Data  analysis  and  conclusion  compared  to  health  standards 

Recommended  actions  for  hazard  control/elimination  with  risk  assessment  codes 

Preparing  organization,  point  of  contact,  date  prepared 


Adapted  fretn  US  Department  cf  the  Army.  Healtk  Hoard  Assessmmt  Program  m  Support  of  the  Army  Malrmt  AcquisUicn  Dtciston  Process. 
Washington.  DC:  DA:  1983.  Army  Regulation  40-10: 9. 
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The  initial  report's  recommendations  focus  on  both 
data  that  will  required  and  design  specifications 
that  address  specific  potential  health  hazards. 

Required  Data 

Information  and  health  standards  are  the  key  ingre¬ 
dients  of  an  HHA  report,  but  information  is  often 
difficult  to  obtain  horn  materiel  and  combat  developers. 
In  general,  both  descriptive  and  quantitative  informa- 
fionconceming  the  materielsystem  mustbeavailable  to 
the  independent  medial  assessor  (IMA)  whoconducts 
the  assessment.  (The  IMA — who  can  be  either  civilian 
or  military— is  not  employed  by  the  combat  or  mate¬ 
riel  developer,  but  rather  hy  the  AMEDD  organization 
that  is  completing  the  HHA  report.)  Health  standards 
must  also  be  made  available,  so  that  the  IMA  can 
compare  or  evaluate  the  severity  of  health  hazards 
associated  with  the  materiel  system. 

Definitive  statements  about  levels  of  risk  associated 
with  potential  health  hazards  are  impossible  to  make 
without  quantitative  data.  However,  in  the  case  of  an 
initial  HHA  report,  only  data  from  a  predecessor,  or 
similar,  system  may  be  available.  CJuantitativc  infor¬ 
mation  about  materiel  systems  should  include  health 
hazard-related  data  (such  as  noise  and  vibration  sig¬ 
natures  and  toxic-gas  measurements)  from  technical 
testing,  user  testing,  special  hazard  evaluations,  previ¬ 
ous  HHAs,  human  factors  engineering  assessments, 
safety  incident  and  system  safety  assessment  reports, 
and  modeling  efforts. 

Combat  and  materiel  developers  should  also 
provide  descriptive  information,  including  a  compre¬ 
hensive  account  of  components,  subsystems,  special 
materials,  simulators  and  other  training  devices, 
special  support  and  maintenance  equipiment,  special 
salvage  or  disposal  requirements,  and  system  employ¬ 
ment  (such  as  operating  and  training  doctrine;  logis¬ 
tics  support  concepts;  nuclear,  biological,  and  chemi¬ 
cal  requirements;  and  expected  environmental 
conditions). 

Health  standards  (such  as  medical  exposure  limits, 
health  conservation  standards,  and  matenel  de¬ 
sign-standards)  are  essential  to  gauge  the  severity  of 
quantified  hazards.  Compreheisive  biomedical 
databases  are  very  helpful  in  gauging,  real  levels 
of  risk,  especially  when  quantified  hazards  exceed 
established  limits,  although  such  dalabases^jis  often 
unavailable 

Preparation  Sequence 

The  IMA  uses  a  svsiems  approach  cr  analyzing 
hardware  and  doctnne  This  approach  analj-zes  all 


componentsandsubsystems,allphasesofthesystem's 
"life  cycle,"  how  persotmel  interact  with  the  system, 
the  special  operating  conditions,  and  anticipated  envi¬ 
ronmental  conditions.  Then,  the  IMA  compiles  a  com¬ 
prehensive  inventory  of  potential  health  hazards  and 
procedures  from  the  analysis  of  hardware  and  doc¬ 
trine.  The  inventory  may  include  items  such  as  mate¬ 
rials,  procedures,  and  design  deficiencies.  After  com¬ 
piling  the  inventory,  the  IMA  analyzes  the  quantitative 
data  available  for  each  potential  hazard,  and  requests 
further  data  to  complete  the  analysis.  Raw  or  intenne- 
diatedata  may  need  tobereduced,converted  toa  more 
useful  form,  or  reorganized  to  a  form  more  suitable  for 
interpretation.  When  data  areadequate  for  interpi-eta- 
tion,  the  IMA  compares  them  against  pertinent  health 
standards  to  ascertain  whether  the  quantified  levels 
are  acceptable,  given  the  frequency  and  duration  of 
exposure  expected. 

The  IMA  then  recommends  means  to  eliminate, 
control,  or  reduce  health  hazards  that  pose  an  unac¬ 
ceptable  degreeof  risk.  Theseexposurecotttrolscanbe 
tailored  to  the  specific  system  and  its  operational  re¬ 
quirements,  and  more  than  one  type  of  control  may  be 
necessaiy  for  some  hazards.  Such  control  measures 
include  engineering  controls  (such  as  redesign,  system 
modifications,  and  retrofits),  administrative  controls 
(such  as  exclusion  of  high-risk  personnel,  and  limiting 
duration  or  frequency  of  exposure),  and  requiring  that 
personal  protective  equipment  (PPE)  be  worn. 

For  each  hazard,  the  IMA  estimates  the  degree  of 
risk  that  could  result  from  noncompliance  with  recom¬ 
mended  control  measures.  A  scale  of  risk  assessment 
codes  (RACs)  is  used  to  classify  the  degree  of  each 
hazard  (Table  6-2),  which  is  usefiil  in  establishing 
priorities  for  control  actions.  The  RACs  relate  hazard 
severity  and  hazard  probability.  The  hazard  severity' 
(divid^  into  categories)  and  tlie  hazard  probability 
(divided  into  levels)  integrate  to  yield  a  number  (1  to 
5).  The  lower  the  number,  the  higher  the  risk  assessed . 
For  example,  consider  category'  II,  level  E  in  Table  6-2. 
The  probability  of  occurrence  is  improbable  (unlikely 
to  occur,  but  possible),  and  the  hazard  posed  may 
causese  vereb^ily  injury  (critical);  therefore,  the  RAC 
is  4.  The  goal  has  been  to  make  the  RAC  process  as 
objective  as  possible,  but  the  professional  judgment  of 
the  IMA  remains  a  subjective  component. 

Hazard  severity  assesses  the  worst  potential  conse¬ 
quence.  Several  factors  define  thiszssessment,  includ¬ 
ing  the  degree  of  injury,  occupational  illness,  health- 
related  performance  degradation,  and  possible  bodily 
system  damage.  Hazard  probability  assesses  the  likeli¬ 
hood  that  a  hazard  will  occur,  bas^  on  factorssuchas 
location,  exposure  (in  cycles  or  hours  of  eperation), 
and  population  a,ffecte<i  The  dedsion-making  au- 
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TABLE  6-2 

RISK  ASSESSMENT  CODES 


Severity  Calegoty  Probability  Level 


A 

B 

C 

D 

E 

1 

1 

1 

1 

2 

3 

!I 

1 

1 

2 

3 

4 

HI 

2 

3 

3 

4 

5 

IV 

3 

5 

5 

5 

5 

I  (Catastrophic);  hazard  may  cause  death  or  tota!  loss 

of  bodily  system 

II  (Critical);  hazard  may  cause  severe  bodily  injury. 

severe  occupational  illness,  or  major  damage  to  a 
bodily  system 

III  (Marginal);  hazard  may  cause  minor  bodily  injury, 

minor  occupational  illness,  or  minor  damage  to  a 
bodily  system 

IV  (Negligible);  hazard  would  cause  less  than  minor 

bodily  injur}',  minor  occupational  illness,  or  minor 
bodily  system  damage 

A  (Frequent);  likely  to  occur  frequently,  or  continu¬ 
ously  experienced 

B  (Probable);  will  occur  several  times  in  life  of  an  item, 
or  will  occur  frequently 

C  (Occasional);  likely  to  occur  sometime  in  life  of  an 
item,  or  will  occur  several  times 

D  (Remote);  unlikely,  but  possible  to  occur  in  life  of  an 
item,  or,  unlikely,  but  can  reasonably  be  expected  to 
occur 

E  (Improbable);  so  unlikely  it  can  be  assumed  occur¬ 
rence  may  not  be  experienced,  or  unlikely  to  occur, 
but  possible 


Adapted  from  US  Department  of  the  Army.  Heelth  Heiard 
Assessment  Program  in  Support  of  the  Army  Matcnet  Aetjuisition 
Decision  Process.  Washington,  DC;  DA,  1991.  Army  Regulation -10- 
Iftll-lZ 


thorities  in  the  MADP  use  RACs  to  determine  which 
health  hazards  must  be  either  resolved  or  accept^ 
before  a  materiel  system  can  progress  to  the  next  level 
of  development  or  production. 

Health  Hazard  Assessments  During  the  Materiel 
Acquisition  Dedsion  Process 

fust  as  HH  A  concerns  should  be  integrated  through¬ 
out  all  MANPRINT  domains,  so  they  should  also  be 


integrated  throughout  all  phases  of  the  materiel  sys¬ 
tem  development  and  acquisition  cycle.  Initially,  the 
materiel  or  combat  developer  must  submit  draft  sys¬ 
tem  requirements  documents  to  the  USAEHA,  the 
MRDC,  or  HSC's  AMEDD  Center  and  School  for  a 
medical  review.  These  organizations  identify  poten¬ 
tial  health  hazards  and  applicable  health  standards 
and  return  their  comments  to  the  materiel  or  combat 
developer.  HHAs  should  be  used  daring  (a)  program 
initiation,  (i>)  concept  exploration,  (c)  demonstration 
and  validation,  (d)  full-scale  development,  and  (e) 
production  and  deployment. 

Program  Initiation 

When  the  MADP  is  being  initiated,  the  combat 
developer  should  assign  responsibilities  and  formu¬ 
late  requirements  documents.  The  combat  developer 
should  incorporate  health  hazard  considerations  and 
criteria  into  requirements  documents  based  on  prede¬ 
cessor  or  similar  systems.  AMEDD  sources  may  pro¬ 
vide  such  information.  In  addition,  designated  pre¬ 
ventive  medicine  personnel  assigned  to  TRADOC 
installations  should  identify  responsibilities  and  tasks 
needed  to  control  potential  health  hazardsand  include 
them  in  the  SMMP. 

Concept  Exploration 

During  the  concept  exploration  phase,  the  combat 
and  materiel  developers  should  ensure  that  require¬ 
ments  for  an  HH  A  are  included  in  acquisition  program 
management  documents^  The  combat  and  materiel 
developers  should  aJso  submit  a  request  for  an  HHA 
report  to  the  OT3G.  This^request  should  include  any 
available  health  hazards-related  test  and  evaluation 
data  contained  in  other  program  documents. 

Other  required  prognunacquisiiiondocumentsmay 
provideuscfulHHA-relaicd  information.  Thesedocu- 
ments  are  the  Human  Factors  Engineering  Assess¬ 
ment,  Safety  AssessmentReport,  andanfety  and  health 
datasheets.  In3ddition,the(jtrSG,theUSAEHA,and 
the  MRDCalso  providehraltfthazaidiconsultation  as 
required. 

Demonstration  and  Validathm- 

During  the  demonstration  and  vaiidadesn  phase  of 
the  MADP.  the  combat.ancfcoateriel  developers  and 
the  IMA  collect  health  hazard  data,  which  will  form 
the  basis  for  an  updated  HHA  report.  AMEDD  ele- 
mcntEContinue  to  furnish  healthJiazardiconsuitation 
to  the  materiel  developer  to  control  health  hazards. 
When.the  developeris  unable  to  aadrres  these  issues. 
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AMEDD  may  assist  in  collecting  data  and  in  refining 
collection  requirements  and  methods.  In  addition, 
formal  requirements  documents  should  specifically 
address  health  hazard  considerations  peculiar  to  a 
developing  system. 

Full-Scale  Development 

During  the  development  phase  of  the  MADP,  test 
personnel  collect  data  to  address  unresolved  health 
hazard  issues.  The  materiel  developer  should  request 
an  updated  HHA  report  from  the  OTSG  to  determine 
the  developing  system's  health-risk  status.  The  results 
of  this  assessment  should  be  included  in  the  .SMMP 
and  other  acquisition  program  safety  and  heaithdocu- 
ments  such  as  safety  and  health  data  sheets,  safety 
assessmentreports,  human  factors  engineering  assess¬ 
ments,  and  MANPRINT  assessments.  The  materiel 
developer  corrects  or  controls  remaining  health  risks, 
or  documents  management  decisions  that  accept  risks 


About  100  HHAsperyear  have  been  doneon  army 
materiel  systems  since  the  program  was  formalized  in 
1983.  (Approximately  two-thirds  of  these  assessments 
requirea  formal  HH.A  report.)  Nine  general  categories 
of  health  hazards  have  b^  identified  (Table  6-3).  An 
HHA  will  typically  address  army  dcvelopmenlal  and 
nondevelopmental  il'-jns  for  c'^ch  of  these  nine  possible 
hazard  categories.  AR  T^^'l  defines  a  developmental 
item  as  one  that  is  "under  developm.ent  or  which  was 
developed  by  the  army."'""'*^  The  same  document 
defines  a  nondevelopmental  item  as 

those  items  available  for  procurement  to  satisfy  an 
approved  materiel  requirement  from  existing  sources 
(such  as  commercial  items  and  items  developed  by 
other  government  agencies,  U5.  military  service,  or 
countries)  requiring  little  or  no  additional  develop¬ 
ment.’"'"" 

Usually,  the  more  complex  and  sophisticated  the 
materiel  system,  themorecategoriesof  potential  health 
hazards  tfiat  will  need  to  be  addres^.  The  HHA 
report  that  is  appended  at  the  end  of  this  chapter  was 
selected  for  inclusion  in  this  textbook  because  it  ad¬ 
dresses  five  categories  of  health  hazards — ^an  unusu¬ 
ally  high  number — and  deals  with  a  system  that  is 
currently  under  development. 

Acoustical  Energy 

Acousticai  energy  is  defined  as  the  pc^ential  energy 
that  exists  in  a  pressure  wave,  transmitted  through  air. 


as.sociated  with  major  hazards.  Contract  specifica¬ 
tions  are  developed  and  refined  to  ensure  compliance 
with  health  hazard  requirements. 

Production  and  Deployment 

Health  hazard-control  procedures  adopted  as  a 
result  of  HFIA  report  recommendations  should  be 
incorporated  into  acquisition  program  technical  pub¬ 
lications  and  training  materials.  Production  testing 
documents  thedevelopingsystem'sconformance  with 
HHA-related  contract  specifications.  Test  personnel 
collect  required  data  on  unresolved  health  hazard 
issues  during  postproduction  testing  (such  as  Foliow- 
on  Operational  Test  and  Evaluation)  and  submit  it  to 
AMEDD  for  review.  The  materiel  developer  ensures 
that  (a)  proposals  for  engineering  change  proposals 
receive  proper  review  for  health  hazard  implications 
and  ib)  decisions  that  resolve  remaining  health  hazard 
issues  are  documented  and  implemented.” 


which  can  interact  with  the  body  to  cause  hearing  loss 
or  damage  to  internal  organs.  It  includes  steady-stale 
(also  called  continuous)  noise  from  engines  and  heli¬ 
copter  rotors,  impulse  noise  from  firearms,  and  blast 
overpressure  from  mortars  and  towed  artillery  (free- 
field  waves)  and  heavy  weapons  on  crew-served  ve¬ 
hicles  (complex  waves).^ 

Lighter,  Air  Cushion  Vehicle,  30-Ton  Capacity 

The  Lighter,  Air  Cushion  Vehicle,  30-Ton  Capacity 
(LACV-30)  is  an  air-cushion  cargo  transport  vehicle 
capable  of  operating  over  water,  beaches,  ice,  and 
snow.  This  vehicle  is  powered  by  rivo  sets  of  gas 
turbine  engines,  which  drive  lift  fans,  and  two  propul¬ 
sion  propellers  (Figure  6-6). 

An  HHA  of  the  LACV-30  identified  the  power  train 
as  a  source  of  high  levels  of  steady-state  noise  (see 
Chapter  7,  Noise  and  the  Impairment  of  Hearing,  for  a 
discussion  of  steady-state  noise).  Based  on  Military 
Standard  1474,  the  HHA  report  recommended  that 
crew  members  and  passengers  use  single  hearing  pro¬ 
tection  (such  as  the  DH-132  CVC  Helmet,  the  SPH-4 
Aviator's  Helmet,  or  approved  ear  plugs)  to  protect 
themselves  from  noise-induced  hearing  loss.” 

Bradley  Fighting  Vehicle 

The  BFV  is  a  tracked,  light-armored  vehicle.  Both 
versions — the  M2  Infantry  Rghting  Vehicle  (IFV)  and 
the  M3  Cavalry  Fighting  Vehicle  (CFV) — are  equipped 
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TABLE  6*3 

HEALTH  HAZARD  CATEGORIES 


Categoiy 

Description 

Examples 

Related 

Publicatfom 

Acoustical  Energy 

Potential  energy  in  a  pressure  wave, 
transmitted  through  air.  which  can  cause 
hearing  loss  and  damage  internal  organs 

Steady-state  noise;  engines  and  helicopter  rotors 

Impulse  noise;  smalt  arms 

Blast  overpressure:  mortars,  towed  artillery  (free-field 
wave)  heavy  weapons  on  crew-served  vehicles 
(complex  wave) 

AR40-5 
MIL-STD-1474 
MlL.STD-1294 
DA  PAM  40-501 

Biological  Substances  Pathogenic  microorganisms,  their  toxins 
and  enzymes 

Sanitation  concerns  such  as  waste  disposal,  food  handling, 
and  personal  hygiene 

AR40-5 

FM  21-10 

TB  MED  530 
TBMEDSy? 

Chemical  Substances 

Excessive  airborne  concentrations  of  mists, 
gases,  vapors,  and  particulate  matter;  also 
toxic  liquids  and  solids 

Cumbuslion  products  from  weapons  or  engines 

Exposures  via  inhalation,  ingestion,  dermal  or  eye  contact 

AR40-5 

MIL-STD-1472 

M1L-HDBK-7S9 

21CFRI77 

21CFRI82 

29(nTll910 

Oxygen  Deficiency 

Sudden  reduction  of  atmospheric  Oj  to  <  21% 
(by  vol) 

In  confined  spaces  and  liigh  altitude:  can  cause  shortness 
of  breath;  impaired  vision,  coordination,  and  judgment, 
prtjgressing  to  unconsciousness  and  death 

TB  MED  288 
DHEWfNlOSH) 
Pub.8C-106 

29  (HU  1910 
ANFIZllM 

Radiation  Energy 

Ionizing:  any  form  of  radiation  sufficiently 
energetic  to  ionize  molecules  in  matter 
Nonionizing:  emissions  from  the  EM  spectrum 
with  insufficient  energy  to  ionize  molecules 

Alpha  and  beta  particles,  gamma  and  X  rays,  neutrons 

l)V,  visible,  IR,  microwave,  and  RF  radiation 

AR40-5 

AR  40-14 

AR  40-46 

AR  40-583 

AR  385-9 

AR  385-11 
MIL-STD-1425 

TB  MED  522 

TB  MED  523 

TB  MED  524 

10  CFR  0-199 

21  CFR  1040 

Shock 

Mechanical  imp  ilsc  or  impact  received  by 
the  body 

Acceleration:  recoil  from  weapon 

Deceleration;  opening  of  parachute  hamcas 

MlL-STtk«58 

MIL-STD-1290 

SAE-I‘8S5 

reinpcfahirc 

Extremes 

Injuries  from  excessive  heat  and  cold,  which 
can  be  exacerbated  by  humidity 

Heat:  heatstroke,  hyperthermia 

Cold:  frostbite,  hyg^hermia 

AR40-5 

MIL-STD-1472 

TBME081 

TB  MED  288 

TB  MED  507 

Physical  1  rauma 

Injury  to  eyes  or  body  from  impact  or  strain 

FcnetraKng 

Blunt;  crush  injury,  bruise 

Musculoskcletai:  lifting  heavy  equipment 

AR40-S 

TB  MED  506 

29  CFR  1910 
ANSIZ87.1 

Vibration 

Adverse  health  effects  caused  by  contact  of 
oscillating  mechanical  surfaces  with  the 
human  b^y 

Whole  body;  aircraft  and  vehicle  operators  and  passengers 
Segmental:  operators  of  hand-held  power  tools 

MIL-STD-1472 

ANSIS3.18 

ISO  2631* 

’  Soc^  of  Aulcmol!v»  Engincm 
'^nltnutiotul  StandUrdj  Ofi^niudon 

Adtptrd  from  US  l>p-rtm»nl  of  Ihc  Armv.  Hmllh  fkzard  Assessment  Pmgrem  m  Support  oj  the  Arm^Melentt  AoquaiUon  Deasion  Process.  Washington,  DC 
DA;  1991.  Annw  Regulation  40-10.  App  C:  12-13. 
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Fifi.  fr-6.  Tiu*  I  igtttfr  \tT  C’tJshmn  Vehiuli".  3l*-T«ni Cipacity  (I.ACV'3H).  The  I,ACV-3(1  is  Ctip.iblt'  of  dround-thi'-cIcK'k 
opi*mtioio  rof;.irdl«H  wtMlJu.T  (t  sMsiiv  iwrEspocts  whifled  .inJ  tnickiii  vehicles,  nintdiners,  <ind  bulk  cargo  on  Us 
kOhd  U-dn'k  Its  ma«muir  jinvfoad  is  '^’tons.  nstse  speed  is  45  nnph,  and  endurance  is  S  to  10  hours.  U.5.  Army 
transportationicniN received  Hieirtirst  piuductiiincrstt  in  IW2. 


with  a  turret-mmtnfvd  2.5-nim  gun,  a  7.62-nini  ma- 
rhim*  gun  and  a  tube-launched,  oplicaHy-txacked, 
wircs-guided  (TOW'  antitank  missile  launcher  (see  Fig- 
use  f>-3)  T!u’  IF\>'  uirrie^.  a  nine-man  infantry  squad 
and  a  commander,  gunner,  and  driver.  The  CFV' 
carries  a  cn*\v  oCfiTe  the  commander,  gunner,  dric  er, 
and  two  reconnn  usance  crew  members. 

HHAsof  tlie!5FV  identified  high  steady-state  noise 
levels — dut'  to  the  design  of  the  suspension  and  drive 
svstrm— and  impulse  noise  when  Iheguns  were  fired. 
The  “fMA  report  ft'commended  that  crew  members 
wear  double  hearing  protection,  such  as  the  DH-132 
(TVe  Weimot  worn  with  approved  ear  plugs.  The 
HHA  report  also  recommended  that  use  of  the  vehicle 
be  limited  during  training  to  prevent  nois<*-induced 
herring  loss.'” 


M-120  Series  120-mm  Battalion  Mortar  System 

The M-121) Series  120-mm  Battalion  MorlarSystem 
(BMS-120)  is  a  smimthbore,  muzzle-loading,  indirect 
fire  system,  which  consists  of  the  M-120  Towed  Mor¬ 
tar,  transported  by  a  quarter-ton  truck,  and  the  M121 
carrier  configuration  mounted  in  a  modified  Ml  13 
Armored  Personnel  Carrier  (Figure  6-7.k 

The  BM5-12()  generates  high-impulse  noise  level.s, 
and  a  blast  attenuating  device  (BAD)  is  used  to  reduce 
exposures  at  crew  IcKations.  An  HHA  report  on  the 
BM5-120  recommended  that 

•  firing  be  limited  when  a  BAD  is  not  installed, 

•  all  personnel  within  2(X)  m  of  the  mortar  wear 
ear  plugs,  and 
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Fig.  6-7.  120-mm  Battalion  Mortar  System  (BMS-120).  The  BM5-120  provides  dismounted  (walking  alongside)  and 
mechanized  infantry  units  increased  range  and  lethality  with  high-explosi\'e,  illur.unation,  and  smoke-screening  rounds. 
Concurrently  with  the  acquisition  of  the  BMS-I20,a  new  family  of  enhanced  ammunition  is  being  developed.  This  M121 
carrier-mounted  configuration  is  shown  with  a  BAD  (blast  attenuating  device)  mounted  on  the  muzzle  of  the  mortar. 


•  the  number  of  rounds  fired  per  24  hours  be 
limited.'' 

Mt09 155-tnm  Hmvitzer  Improvement  Program  Self- 
Propelled  Howitzer 

The  M109  Howitzer  Improvement  Program  (HIP) 
Self-Propelled  Howitzer  (SPH)  is  an  aluminum-ar¬ 


mored,  self-propelled,  air-transportable  field  artillery 
weapons  system.  It  is  designed  to  provide  support  to 
armored  and  mechanized  infantry  units.  The  HIP 
includes  many  survivability  improvements  and  has  a 
projcctilerangcfincreasedoverpreviousself'propelled 
1 55-mm  howitzers)  of  up  to  30  km  with  rcKkel  -assisted 
projectiles  (Figure  6-8). 

Several  HHAs  have  been  completed  on  the  Ml 09 
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Fig.  6-8.  The  Ml  09 1 55-min  Howitzer  Improvemettl  Program  (hiP)  Self-Propelled  Howitzer  (SPH).  The  HIP  includes  a  new 
cannon  and  mount,  an  on-board  fire-control  system,  a  navigation  system,  autonrotive  improvements,  additional  ballistic 
protection,  NBC  <nucIear-bioIogicaI<heinicai)  protection  for  the  crew,  a  driver's  night-vision  device,  built-in  test  equip¬ 
ment,  and  securecommunications.  HIPmod;ficationswilIbt?appIied  loaIIM109SPfis  not  converted  to  M109A4orM109A5, 
under  the  designation  M109,A6  Paladin,  shown  above. 


HIP  SPH.  This  system  generates  high  levels  of  steady- 
state  noise.  The  particular  blast  overpressure  experi¬ 
enced  by  the  crew  ana  resupply  vehicle  personnel  is  a 
function  of  a  series  of  complex  variables  such  ss  the 
type  of  charge,  hatch  and  vehicle  configuration,  and 
quadrant  elevation  of  the  gun  tube.  Thus,  the  HHA 
report  recommended  that 

•  the  crew  use  hearing  protection, 

•  certain  restrictions  apply  to  vehicle  and  hatch 
configurations,  and 

•  the  number  of  rounds  fired  perday  be  limited, 
based  on  the  type  of  projectile  and  the  zone  of 
the  charge  fired.”* 

Biological  Substances 

In  the  broadest  sense,  the  term  biological  substance 
includes  exposure  to  pathogenic  microorganisms  and 


their  toxins  and  enzymes.  In  the  specific  sense  used  in 
HHAs,  biological  hazards  include  sanitation  concerns 
such  as  waste  disposal,  food  handling,  and  personal 
hygiene.' 

Composting  Toilet  and  Aerated  Vault  Toilet 

TheCompostingToiletand  the  Aerated  VaultToilet 
technologies  areself-contained  human  waste-disposal 
systems  designed  for  use  at  remote  trainingand  opera¬ 
tional  sites  to  replace  chemical  and  pit  latrines  (Figure 
6-9).  The  composting  toilet  is  a  large  chamber  into 
which  wastes  and  organic  bulking  agents  are  placed. 
Tlie  .Aerated  Vault  Toilet  accomplishes  natural  aerobic 
decomposition  of  waste  into  humic  material  through 
aeration  by  a  scries  of  air  channels,  baffles,  and  a  fan. 

An  early  HHA  of  the  two  technologies  recommended 
appropriate  administrative  controls  and  maintenance 
procedures  to  minimize  harborage  and  breeding  of 
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Fig.  6^.  ComptKling  Toilet  and  Aerated  Vault  Toilet.  Composting 
toilets,  left,  were  developed  in  Sweden  and  have  been  used  in  the  1<.S. 
Army  for  many  years.  The  breakdown  of  wastes  is  accomplished 
naturally  by  aerobic  decomposition,  without  additional  H2O  or  other 
chemicals.  In  the  aerated  vault  toilet,  right,  w’asleis  broken  doivn  into 
CC^  and  H2O  by  aerobic  organisms.  Aerobic  decomposition  occurs 
about  4-fold  faster  than  anaerobic  decomposition,  thereby  reducing 
pumping  costs.  Prex'enting  anaerobic  decay  also  greatly  reduces  the 
odors  in  the  toilets. 


insect  and  mammalian  vectors  of  disease  (primarily 
flies  and  rats),  including 

•  enrollment  of  compost  handlers  in  the  Medical 
Surveillance  pMgram  for  Wastewater  Treat¬ 
ment  Plant  Operators,  and 

•  dailyc]€''..iing(v,’heninu5c)ofthetoiietseatsand 
sur^..unding  surfaces  with  soap  and  water. 

Additional  study  of  the  dissemination  of  coliform 
bacteria  vi.Tr  aerosols  and  direct  contact  was  recom¬ 
mended  to  serv'c  as  a  paradigm  for  the  spread  of  these 
human  pathogens.'" 

Resuscilation  fluids  Production  System 

The  Resuscitation  Fluids  Production  System 
(REFLUPS)  is  a  compact,  self-contained  unit  designed 
to  produce  75  L  per  hour  of  sterile,  pyrogcn-frcc  water 
for  injection,  and  to  reduce  transport  and  storage  re¬ 
quirements  in  remote  areas.  The  processed  water  is 
mixed  witha  fluid  concentrate  toreconstitutea  variety 
of  products  for  intravenous  administration.  The  sys¬ 
tem  will  be  used  for  on-site  production  of  intravenous 
fluidsat  medical  treatment  facilities  (MTFs) operating 
in  combat  zones  and  ab<v>rd  naval  vessels- 

The  HHA  of  the  REFLUPS  recommended  a  specific 
nacthcxl  to  evaluate  the  system's  ability  to  renaove  viral 
contamination.  In  addition,  the  HHA  avommended 


that  each  lot  of  water  for  injection  and  reconstituted  in¬ 
travenous  fluids  be  checkwl  for  compliance  with  US. 
Pharmacopeia  standards  for  sterility  and  pyrogens.'’ 

Chemical  Substances 

Hazards  from  chemical  substances  (not  only  the 
combustion  products  from  weapons  or  engines  but 
also  other  toxic  materials)  arise  from  excessive  air¬ 
borne  concentrations  of  mists,  gases,  vapors,  fumes,  or 
particulate  matter.  Toxic  effects  may  be  caused  by 
exposure  via  inhalation,  ingestion,  or  eye  or  dermal 
contact.  Hazards  may  also  be  caused  by  exposure  to 
toxic  liquids  and  solids  by  ingestion  or  eye  or  dermal 
contact.' 

Avenger 

The  Avenger,  originally  called  the  Pedestal  Mounted 
Stinger,  is  a  component  of  the  Forward  Area  Air  De¬ 
fense  System  (FAADS)  and  is  employed  in  the  rear 
battle  area.  The  Avenger  consists  of  a  Stinger  missile 
and  a  50<anber  machine  gun  pedestal,  which  arc 
turret-mounted  on  a  High-Mobility,  Multipurpose, 
Wheeled  Vehicle  (HMMWV),  M998.  The  system  is 
used  against  enemy  flxed-  and  rotary-wing  aircraft 
(Rgure6-10). 

An  HH  A  of  the  system  during  early  developmental 
testing  identifled  excessive  levels  of  hydrogen  chlo- 
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Fig.  6-10.  Avt'tigcr  Air  Di'lcn.^,'  Systiw.  The  Avenger  enhnnces  the  Stinger  missile  with  nw  capwtbilities  such  as  shiwt  on 
the  move.  Jay/night  operations,  and  multiple  rapid  sequential  engagi*menls.  Avenger  integrates  the  Stinger  missiU*,  a 
gyrostabilized  turret,  forward -lix>king  infrared,  laser  rangefinder,  identification  of  friend  or  fiv.and  a  .StVealibiT  machine 
gun.  It  is  operatcxl  either  from  the'  vehicle  cab  or  remotely  by  a  creev  of  two:  the  driver  and  the  gunner. 


ride  gas  in  the  HMMW  V  during  certain  Stinger  missile 
firings,  depending  on  theangleand  direction  of  firing. 
The  peak  exptisures  of  hydreigen  chlenide  were  in 
excess  of  300  ppm  (the  militarily  unique  standard  is 
now  100  ppm  for  lOmin).  Thus,  the  materiel  developer 
recommended  and  adopted  engineering  controls 
(such  as  exhaust  deflectors,  dtxir  and  window  seals, 
rigid  dix>rs,  improved  latches,  and  crew  cab  reinforce¬ 
ment)  to  eliminate  the  performance  decrement  result¬ 
ing  from  acute  exptwua’s.  The  materiel  dex’eloperalso 
tested  to  verify  th4it  these  engineering  contnfls  xvere 
effective.*' 

This  system  was  redesigned  to  rectify  I II I  A-identi- 
fied  hazards.  It  was  used  in  Operation  lX*sert  Storm 
without  report  of  adverse  health  effects  to  the  soldiers 
who  operated  it. 

Landing  Craft  Utility 

The  Lmding  Craft  Utility-2(X)()  (I.CU-2()tK))  class 
vessels  aa*  welded,  stei'l-hulled  marine  vessels  ptnv- 
ered  by  two  turbtx'harged  diesel  engines  (Rguref>-1 1 ). 


The  vessels  are  used  for  transpi>i1ing  rolling  strxrk  and 
general  dry’  cargo  on  therxvan  and  civrstal  and  inland 
watenvays.  ’nK'v  are  al.'JO  used  for  beaching  and 
retraction  on  undox-eloped  and  remote  ctvistlines,  as¬ 
sisting  in  duicharging  and  backUxtding  ships  in  a  roll¬ 
on/roll-off  or  li>gistics-over-the-shore  (LOTS)  opera¬ 
tion.  Thevesselisoperatedbyacrewof  13:  llenllsted 
perscmnel  and  2  officers. 

An  HH  A  of  the  LCU-2IX)()  identified  a  lack  of  venti- 
lati«)n  for  the  control  of  toxic  ga.'vs,  fumes,  organic 
vapor  .solvents,  and  particulate  matter  that  were  gen¬ 
erated  in  the  vessel's  machineshopduringdegreasing, 
welding,  soldering,  smding,  and  grimjing  operations. 
Thu.s,  the  I IHA  a'piirt  provided  detailed  guidance  for 
designing  kxral  exhaast  ventiLitk>n.  The  materiel  dexx'l- 
oper  subsequently  adop-led  tlH-se  avommendatit>ss." 

M4M1  Protective  Mask 

The  M4.3A  I  Protective  Mask  ir  intendeil  to  K’  used 
by  crew  memb-.-rs  operating  roiary’-winged  aircraft 
and  is  designed  to  protect  the  face,  eyes,  and  respira- 


L*ndingCraftUtility-2000(LCU-2000).  LCU-200C  ships  are  174  ft  long  by  42  it  Mde  and  displace  1/K7  tons  when  fuiIy 
kiadcd.  Thoirspccdtsl2knotsandrangois5,OOOnule5.  Themaindeckleve]housesthcmess,skkbay,ar.dnx:reationnx>m.  The 
cmvquartmaa'onthcsecimd  level;  thepiiothouseison  top.  Astern  nxxiulecontatnsthcengineroomandassociated  machinery. 


Fig.4>12.  M4.1A1  Aircraft  ChcmicaI-Bk>)ogical  (CB)  Mask.  ThcM43A1  mask  consists  of  a  form-fitting  facepiece  with  spherical 
lenses  fitted  dose  to  the  eyes,  an  inte^ally  attached  CB  hood  and  skull-type  suspension  system  (fitted  o\‘er  and  su^wnded  from 
the  head),  an  inhalation-air  dislribulion  assembly  for  regulating  air  flow  to  the  mouth  and  ihjsc,  lenses  and  hood  assembly,  an 
exhalation  valve  assemWy.anelectn'mic  mkrophone.and  a  portable  motor-blower  filter  assembly  for  maintaining  overpressure 
in  the  mask  and  hood. 
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toiy  system  from  fold  concentrations  of  chemical, 
Ifolo^cai  and  riot-control  agents  (Figure  6-12).  The 
M43A1  v/as  designed  to  improve  the  M43  Protective 
Mask  by  enhancing  minimum  protection  and 
nuclear-biological-chemkal  (NBC)  survivability.  In 
additkm,re]daoeableprescriptionlenseswsreanadded 
feature  of  tifo  M43A1. 

A  fdanned  product  improvement  for  the  mask  is  a 
diange  in  the  nnask's  ftmnulation  from  bromobutyl/ 
natural  rubber  to  correct  these  defoiendes:  (a)  the 
faceblank  cradcs  prematurely  and  (b)  patch  testing 
revealed  a  high  percentage  (1  in  200)  of  positive  sldn 
sensitization  reactions  among  wearers.  Civilian  in¬ 
dustry  practice  does  not  accept  skin  sensitization  in 
excess  1  in  10,(X)0.  Therefore,  the  HHA  iep(»t 
recocunended  diatimneof  thecandidateformulatioits 
be  used  in  fabricating  rubber  articles  intended  for  use 
whererepeateddennaloontactisexpected.  Themate- 
rid  devek^)er  accepted  this  recommendation  and  ad¬ 
ditional  research  isbeingdcHie  on  the  faceblankformu' 
latkms.^ 


Oxygen  Deridency 

Whenatmoqjherfcoxygenisdisplacedftomanen- 
dosedorccmfinedspace,orwhenasysfemisoperatedat 
highaltitudes,oxygenconcentrationscanbedecreased 
below  that  which  is  commonly  found  in  ambient  air 
(21%  by  volume).  Reduction  of  oxygenconcentiation 
to  ap>proximately  16%  causes  shortness  of  breath  and 
impaired  coordination  and  judgment  This  condition, 
hypoxia,  can  cause  visual,  mental,  and  motor  impair¬ 
ment  and  progress  to  unconsciousness  and  death.^ 

When  the  oxygen  level  falls  to  17  percent  (129.2  mm 
Hg),  the  first  sign  of  hypoxia,  a  deterioration  of  night 
vision,  whkh  is  not  noticeable  until  normal  oxygen 
concentrations  are  restored,  may  occur.  Physidogi- 
cal  effects  are  iitcreased  breathing  volume  a^  accel¬ 
erated  heartbeat.  At  14  percent  to  16  percent  (106.4- 
121.6  mm  Hg)  oxygen,  physiological  effects  sudr  as 
increased  breathing  volume,  accelerated  heartbeat, 
poormuscular  coordination,  rapid  fatigue,and  inter- 
mittentrespirationmayoccur.  Between6percentand 


Hg.6-13.  AirDefenseAntilankSystem.  TheADATSisdesignedtoc^wraleautonotnouslyortouseforwardareaairdefense 
cmusuikI,  control,  and  intelligence  data,  during  day  or  night,  in  obscurants,  in  adverse  weather,  and  in  battlefield 
environmentswhereeiectronicandphysicalcountcrmcasurcsaTeprescnt  Thesystemisopetaiedbyacrewofthiec:  driver, 
guiuMRvandcommaiKlcr.  This  program  was  cancelled  in  theearly  1990s  both  asacost-savingnteasureand  because  the  threat 
iit  Europe  had  changed. 
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10  percent  (45.6-78  nun  Hg),  effects  such  as  nausea, 
inability  to  perform,  and  loss  of  consciousness  may 
ocair.  Less  than  6  percent  oxygen  (45.6  mm  Hg) 
results  in  spasmatkbt^  thing,  convulsivemovemenis, 
and  death  in  minutes.***^’ 

Air  Defense  Antitank  Swsfem 

The  Air  Defense  Antitank  System  (ADATS)  is  the 
Line-of-Sight-Forward  Heavy  (LCK-F-H)  component 
of  the  FAADS,  designed  to  operate  at  or  near  the  front 
lines  (Hguie  6-13).  The  system  carries  eight  ready-to- 
fire  laser  beam-rider  ntissiles  designed  specifically  to 
counter  low-level  helicopters  and  fixed-wing  aircraft 
The  crew  of  three  (driver,  guruier,  atwl  cotrunander) 
useradar,fbrward-lookinginhrared  (FLIR),and  televi¬ 
sion  sensors  to  detect,  acquire,  and  identify  targets. 
The  missile  fireunit  is  mounted  on  an  armor^  tracked 
vehicle,  the  XM1069,  which  isaderivationoftheM3A2 
BFV  chassis. 

An  initial  HHA  of  tire  ADATS  identified  two  short¬ 
comings  in  thedesign  of  thevehicle'sNBCair  filtration 
system,  otreregarding  theamount  of  filtered  breathing 
air  supplied  to  each  crew  member,  and  the  other 
regard  ing  the  source  of  air  during  the  backup  mode  of 
operation.  These  are  typical  defideiuies  in  tactical 
vehicles  with  ventilated  facepieces;  they  are  designed 
to  deliver  an  average  volume  of  3  standard  cubic  feet 
(standardized  for  temperature  and  pressure)  per 
minute  of  filtered  air  per  person,  which  is  less  than  the 
resjnratory  requirement  for  physically  active  crew 
members  (eg,  a  loader  or  a  gunner).  The  recyded  air 
finom  within  the  vehicle  was  filtered,butrK>makeupair 
was  introduced;  typical  carbon  filtration  does  not 
filter  or  remove  carbon  motK>xid&  Thus,  the  HHA 
report  provided  the  materiel  developer  with  informa- 
tioncorKemingtheminimumquantityofbreathingair 
required,  and  proper  design  of  the  air  source.^ 

Bradley  Fighting  Vehicle  with  Dual  Shot  Automatic 
Fire  Extinguishing  Stfstem 

TheBFV  with  DualShot  Automatic  Inre  Extinguish¬ 
ing  System  (AFES)  is  a  proposed  product  improve¬ 
ment  to  install  twoadditioiul  5-pound  halon  fire  extin¬ 
guishers  in  the  crew  compartment  The  system  will 
provide  the  crew  and  squad  compartments  with  the 
capability  to  detect  and  suppress  slow-growth  fires 
and  two  consecutive,  explo^ve,  hydrocarbon  fires. 

However,  the  HHA  discovered  two  possible  short¬ 
comings  of  the  !^tem:  oxygen  defidency  and  exces¬ 
sive  Icv'cls  of  halon  (the  neat  agent  itself  is  toxic).  The 
leleaseof  an  excessive  amount  ofHalon  1301  (which  is 
the  only  halon  fire-extinguishirig  agent  allowed  in 


crew  compartments)  into  the  BFV  aew  compartment 
will  displace  oxygen.  Testing  of  the  Dual  Shot  AFES 
determined  that,  under  certain  circumstances,  the  Na¬ 
tional  Fire  Protection  Association's  and  the  OTSG's 
reccmmeruled  corKentration  for  Halon  1301  was  ex¬ 
ceeded  at  several  locations  inside  the  vehidefTable  6- 
4).  Thus,  the  HHA  report  recortunended  that  the 
combat  arrd  materiel  developers  adopt  operating  pro¬ 
cedures  to  control  exposures  to  both  excessive  Halon 
1301  and  reduced  oxygen  levels  during  AFES  dis¬ 
charge.  Tire  report  al^  reconunended  that  warnings 
that  such  events  are  possible  be  included  in  tire  techni¬ 
cal  and  training  manuals  for  the  BFV.^^ 

Radiation  Energy 

/onfzin^tadiation— alpha  artd  beta  particles,  gamma 
aiui  X  rays,  and  rteutrons— is  sufikiently  energetic  to 
strip  electrons  from  molecules.  This  frees  electrons 
and  positive  ions,  which  are  then  available  to  interact 
with  other  matter.  Nonionizing  radiation— emissions 
feom  the  electromagnetic  spectrum  including  ultra¬ 
violet,  visible,  infrared,  and  radio  fiequendes  (includ- 
ingmicrowave)— hasirtsutficientertergytoionizeother 
molecules.  Its  biolo^cal  effect  is  cau^  by  exciting 
dectrons  to  higher  energy  levds,  thereby  makingmol- 
ecules  more  chemically  reactive.  Lasers  are  a  speda! 
category  of  nonkmizing  radiation  technology;  they 
amplify  collimated  electromagnetic  radiation  within 
the  nonionizing  spectrum. 

Improved-Chemical  Agent  Monitor 

The  Improved-Chemical  Agent  Monitor  (I-CAM) 
was  originally  developed  for  the  United  Kingdom's 


TABLE  6-4 

HALON  1301:  RECCAIMENraD  amCXNTRAlKmS 
AND  PERSONNEL  EXPOSURE  TIMES 


Concentnlion 

Permitted  Exposure  Hmc 

(%byvoI) 

(mte) 

<7 

15.0 

7-10 

1.0 

10-15 

OS 

>15 

Prevent  exposure 

Adapted  from  US  Army  EnvironmeiHal  Hygiene  Agency.  Htalth 
Hazard  Assessment  (lUlAttcr  IhcAZ  BradlofFi^ihlmg  VeMdeSifStem 
(BFVS)  with  Dual  Shat  Automalfc  Fire Eximguisfimg  Splem  (AFES}. 
Aberdeen  Proving  Ground,  Md;  USAEHA:  1990.  Report  69-37- 
4776-90. 
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F%.M4.  ImpimviKIheinical  Agent  Monitor  (KIAM).  The  ICAM  delects  \apors  of  chemical  agents  by  sensing  moieculiir  ions 
specific  mobafties  and  uses  timn^  and  nucnjprocessor  techniques  loiqectcomnwtbaHlehekl  interfere!^  Itconsistsofadiifthibe, 
s^al  pfixessce,  motecular  sieex;  membrane,  and  expendable  tens  such  as  batteries,  confidejKe  testers,  and  dust  fiheis. 

Ministry  of  Defense.  It  is  a  hand-held  ion  mobility  ntented  for  personnel  who  handle  the  nickel  63,  and 
spectrophotometer,  used  for  chemical  agent  vapor  that  specific  radiation-safety  instructions  be  incorpo- 
detection  (Rgufe6-14).  The  I-CAM  contains  nickel 63,  rated  in  the  I-CAM  technical  and  training  manuak.^ 
a  beta-particle  source,  and  is  used  to  detect  nerve  and 

blisteragents  on  personnel  and  equipment.  Thebask  EnHmceiM16A2  Rifle  Optical  Si^t 
CAM  has  been  improved,  and  maintenance  proce¬ 
dures  no  longer  require  the  removal  of  the  assembly  A  daylight  optical  sighting  device  is  being  consid- 
that  contains  the  radioactive  source.  ered  for  use  on  the  Enhanced  M16A2  Rifle  and  other 

The  HHA  rqport  recommended  that  control  proce-  weapons.  Thedevicewillbeused  forbattlefieldobser' 

duresforradiationprotectionbedevelopedandimple-  vation  up  to  IXWO  m,  and  will  permit  target  engage- 
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ment  riflemen  and  gunners  up  to  600  m.  The  anoperationscontrolgrouphousedinanS-250shelter, 
developersuggestedthattritiumbeusedinthesightas  an  antenna/transceiver  group  (ATG)  and  two  MEP- 
a  light  source  and  that  the  sight  be  optically  hardened  to  1 12A  10-kW  diesel  generators  (Figure  6-15).  The  Block 

protect  flie  user  fawn  dirccted-eireigy  weapons.  The  11  Program  ntounts  all  three  of  these  sub^stems  on  a 

HHAoftheopticalsightrecoiiunended,however,that  palletforplacementonthecargobedofastandardUS. 
an  alternate  light  source  (such  as  promethium  147)  be  Army  5-ton  truck  to  improve  mobility,  transportabil- 

used  because  tritium  emits  a  low-energy  beta  particle  ity,  atKl  emplacement  and  displacement  time, 

that  can  diffuse  out  of  its  encapsulating  material  and  However,measurementeoftheradioftequency(RF) 
migrate  to  dean  surfaces.  ItcanthenpenneatetheairdF  radiationpresentduringoperationofffieATGdemon- 

storageand  use  areas  and  be  inhaled  or  percutaneously  strated  that  the  power  density  levels  (see  Chapter  15, 

absorbed.  Tritium  also  requires  elalxmte  laboratory  Nonionizing  Radiation,  fora  discussion  of  power  den- 

analytical  detection  and  nteasurement  tedmiques.^  sity]evels)mayexceedthepennissibleexposureIevels 

(PELs).  Thus,aninitialHHArecoirunendedthatper- 
tinfinder  Mortar  Locating  Radar,  BloekU  Program  soruie!  be  prohilnted  ffom  performing  operations  in 

front  of  the  anteima  while  the  system  is  radiating.  In 
The  Rrefinder  Mortar  Locating  Radar  (MLR)  is  a  addition,  the  report  rccomnnended  that  RF  radiation 
mobile  phased-artay  radar  system  that  is  used  to  de-  warning  signs  be  placed  so  they  are  viaUe  to  person- 

tectandlocatehigh-angIe-of-^enemyweap(His(mor-  ttd  starrding  on  the  ground  rtext  to  the  anterma.^  The 

tars,short-tangeartill^,androcke(5),topermitrairid  materiel  devdoper  subsequently  adopted  these  rec- 
engagement  with  counterfire.  The  system  consists  of  ommendations. 


FiKffnderMortirLocatingRadar(MLR),6iodcIIPrognin.  TheMUtisdcpIoyeddoselotheforwardlineoftroops 
with  direct  support  artillety  battaltons.  In  fiscal  year  1990,  the  anny  approved  the  system's  reconfiguration  so  it  could  be 
carried  by  1 ’/«-ton  capacity  HMMWVs  (High-Mobility,  Multipurpose.  Wheded  Vehicle).  Hiture  improvements  win  also 
indude  dimituUng  the  S250  operations  shdter,  reduced  emplacement  time,  foster  access  to  data,  increased  program 
memory  and  digitalnupstorage.improvedthroughputand  processing,  remote  operation  capabilityup  to  100  m,atMl  better 
probability  of  detecting  the  lootion  of  enemy  weapons. 
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Fig.  6-16.  Anred  OH-3SD  Kiow.i  Wanior  Sc<«uf  Hi'licoptcr.  The  OH-38D  uh’!'  a  new  drive  train  consisting  ot  a  four-Waded 
rotor,  6^)-hp  engine  and  compatible  transmission  and  tail  rotor  systems.  Beginning  in  fiscal  year  1991,  the  armed  version 
was  equippi'd  with  air-to-air  Stinger  missiles.  An  air-to-ground  weaptms  suite  will  arm  the  aircraft  xvith  Hellfire  missiles. 
Hydra  7(l2.7^in.  rockets,  and  /ora  .50-caliber  machinegun.  The  aircraft  is  operated  by  a  crew  of  two,  has  a  maximum  grws 
\x’eight  of  5300  pounds,  and  a  maximum  level  speed  of  1 18  knots. 


Observation  Helicoptcr~58D  Kiatva  Warrior  Scout 

The  Of  f-58D  Kiowa  Warrior  Scout  is  an  improved, 
cJose<ombat,aerial-reconnnissance,intelligcnce-gath- 
ering,  target-acquisition  and  -designation  surxx’illance 
.system  (Figure  6-16).  It  is  assigned  as  an  aen>scout 
helicopler  for  attack  helicopter  ct*Tipanies  and  air 
cavair)'  companies,  and  as  an  aerial  obserx-ation  heli¬ 
copter  for  field  artillery  support  sections.  A  mast- 
mounted  sight  (MMS)  above  the  rotor  contains  a  laser 
rangefinder  and  target  designator  (LRF/D). 

An  I  IHAof  theoptical  radiation  ha7.ards€isstKialed 
with  the  LRF/Ddctermined  that  it  emits optic.ii  radia¬ 
tion  in  excess  of  current  exposure  limits  for  this  specific 
laser  (sex*  Chapter  15).  Thu.s,  the  I II I A  report  recom¬ 
mended  that  the  developer  restrict  unprotected  per¬ 
sonnel  from  entering  the  laser  beam  within  23  km  of 
the  laser,  a  nd  require  ground  personnel  (such  as  main¬ 
tenance,  test,  and  training  perstmnel)  to  use  laser  eye 
pn>tection.''“ '' 

Shock 

AR  40-1(1  defines  shock  as  the  "deliverx’  of  a  me¬ 
chanical  impulse  or  impact  to  an  individii-d  transmit¬ 


ted  from  the  acceleration  or  deceleration  of  a  medium 
with  which  he  has  contact."  ‘  It  is  not  to  be  confused 
with  either  physiological  shtKk  or  electrical  shock. 
The  opening  forces  of  a  parachute  harness  and  the 
forcesdelivered  to  ihebody  asa  result  of  weapon  recoil 
are  examples  of  this  kind  of  shex'k. 

Tactical  Assault  Personnel  Parachute 

TheTactical  Assault  Personnel  Parachute  (TAPP)  is 
K'ing  developed  for  use  in  training  and  combat  air¬ 
borne  operations.  Thedesign  alloxvs  fora  lower  rate  of 
descent  to  reduce  the  potential  for  landing  injuries. 
With  IheTAPP,  thecombat  jumpaltitudexvill  beasloiv 
as  300  ft  above  ground  level  (AGL)  and  the  training 
jump  altitude  will  be  as  low  as  800  ft  AGL. 

An  initial  HI  lA  of  the  T.APP  rtx]uired  the  materiel 
developertoconduct  tests  toassess  the  p<itential  health 
hazards  of  mu.scuioskeletal  trauma  resulting  from  ex¬ 
cessive  Ofwning  forcesand  impact  velocity.and  set  the 
criteria  for  data  collection.  The  HHA  recommended 
that  btith  the  airrent  and  the  improved  paratnniper 
helmets  be  included  in  the  TAPP  test  program  to 
ex’aluatetheeffect  of  helmet  massonneckloadsduring 
opening  shixk,  and  the  efftxi  of  cnishable  foam  on 
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reducing  deceleration  of  the  head  during  parachute 
landing  falls.^' 

Temperatttie  Extremes 

The  human  health  ejects  associated  with  high  or 
low  temperatures,  possibly  in  conjunction  with  high 
humidity,  can  be  exacerbated  by  a  materiel  system. 
Heat  stress  can  cause  heat  disorders  such  as  heatstroke 
and  hyperthermia.  Cold-induced  disorders  include 
frostbite  and  hypothermia.^ 

HHAs  have  addressed  the  hazards  of  temperature 
extremes  and  humidity  associated  with  the  use  of 
several  materiel  systems.  The  potential  for  heat  stress 
is  inherent  in  the  use  of  almost  any  protective  overgar¬ 
ment,  particularly  a  terfaUy  encapsulating  ensemble 
such  as  the  Self-Contained  Toxk  fovirorunent  Protec¬ 
tive  CXitfit-lnterimfSTEPOl).  Similarly,  the  potential 
for  cold  injury  is  inherent  in  materiel  systems  that 
operate  in  cold  ambient  temperatures,  such  as  the 
Lmding  Craft  Mechanized-8  d-CM-8). 

Self-Contained  Toxic  Enoironment  Protective 
Outfit-Interim 

ThcSTEPOl  isused  toproviderespiratoryand  per¬ 
cutaneous  protection  for  depot  persotmel  working  in 


highly  toxic  or  oxygen-deficient  enviroiunents  while 
they  process,  handle,  store,  transport,  dispose  of,  or 
decontaminate  chemical  agents.  Two  versions  of  the 
STEPO-1  have  been  considered  to  replace  the  M-3 
Toxicological  Agent  Protective  (TAP)  suit.  Both  con¬ 
sist  of  a  fully  encapsulating,  impermeable,  butyl-tub- 
ber-coated,  nylon  suit  fitt^  with  breathing  and  cool¬ 
ing  systems. 

An  HHA  report  addressed  the  heat-stress  concerns 
associated  with  the  suit  and  recorrunended  the  prefer¬ 
ential  use  of  one  suit  and  an  ice  vest  when  ambient 
temperatures  exceed  SO^F.  The  rqmrt  also  recom¬ 
mended  thatthe  materiel  developer  collect  test  data  to 
support  development  of  safe  stay-wear  times  for  both 
versions  of  the  STEPO-1.”  The  concept  of  safe  stay- 
wear  time  seeks  to  strike  a  balance  between  {m>tecting 
the  wearer  from  both  exposure  to  chemical  agents  and 
heatstress.  Itis  generally  definedas  the  length  oftime 
that  the  suit  can  be  worn  to  provide  adequate  protec¬ 
tion  from  chemical  contamination  %vithout  compro¬ 
mising  the  wearer's  health  due  to  heat  stress. 

Landh^  Craft  MeckanizedS  Mod  2,  Service  life 
Extension  Program 

The  Landing  (Zraft  Mechanized-8  Mod  1,  Service 
Life  Extension  Program  (LCM-8,  SLEP)  is  a  US.  Navy- 


Fig.  (-17.  Landing  Craft  Medianized-8(LCM-8)  Med  1,  Service  Life  Extension  Program  (SLEP).  TheLCM-8,Mod  1,SLEP 
is  a  product-improvement  program  intended  to  restore  the  mission  capalnlity  and  supportabiiity  characteristics  of  the 
existingfleetandextenditsservkelifeby  20  years.  The  primary  moditication  is  thereplacementoftheold  twin  Detroit  Diesel 
6-71  engines  %vith  new  12V-71  diesel  engines  and  associated  hardware.  7hearniyha$afleetof2pproximatefy96of  these 
vessels  assigned  to  Transportation  Medium  Boat  Companies. 
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designed,  welded-steel,  twin-diesel-powered  water- 
aaft.  It  is  approximately  73  ft  long  and  capable  of 
canying  60  tons  (Figure  M7).  The  vessel  is  designed 
to  provide  water  transport  to  cargo,  troops,  aitd  ve¬ 
hicles  during  LOTS,  feed  port,  shore-to-shore,  in¬ 
land  waterway,  and  amphibious  operations.  A  pilot¬ 
house  is  located  aft  of  the  cargo  well  and  the  bow  is 
fitted  with  a  hydraulically  controUed  ramp.  The  LCM- 
8  is  expected  to  operate  in  ambient  temperatures  as 
lowas-25®F. 

An  HHA  of  the  LCM-8  identified  the  potential  for 
coldstressdue  to  the  lackofheatingtooccupied  spaces 
onthevesseL  The  HHA  report  reconunended  that  the 
materiel  developer  also  use  engirte-cooling  water  as  a 
source  of  heat  in  occupied  spaces.  Ibe  materiel  devel¬ 
oper  modified  the  L^-8s  used  in  Alaska  to  use  en- 
gine^ooling  water  as  a  source  of  heat  in  the  pilot¬ 
house.® 


Physical  Tratmu 

Trauma  to  the  eyes  or  body  can  occur  on  impact 
withsharporbIuntol^ects,and  musculoskeletal  trauma 
canoccurwhen  heavy  objects  such  as  boxes  of  ammu¬ 
nition  are  lifted.  PPE  such  as  chemical  protective 
masks,  eyewear,  or  helmets  are  often  assessed  for  their 
ability  to  preclude  traumatic  injuries.^ 

M43A1  Protective  Mask 

The  M43A1  Protective  Mask  (see  Figure  6-12)  is 
designed  to  protect  the  face,  eyes,  artd  respiratory 
system  from  field  coiKentiations  of  chemical,  biologi¬ 
cal,  arrd  riot-control  agents.  AnHHAofthennaskwas 
completed  during  its  development  (as  an  improve 
ment  to  the  XM43  Protective  I^k).  Orte  of  the  health 
concerns  identified  was  the  effectiveness  of  the  lenses 


Fig.  6-18.  MI53A2SeI/-PrcpeIled2(>-mm  Vulcan  Air  Defense  System  (VADS).  Major  comportents  of  the  MI63A2VADS 
UKlude the M16820-mm cannon, M61A1  directorsight, AN/PV5-2rangeonIyiadar,and theM741  chassis.  ItcarrieslAX) 
ready  20-inm  rounds  in  a  linkless  feed  system. 
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inprovidingadequateeyeprotection.  TheHHAdeter- 
mi^  that  the  lenses  afford  the  samedegreeof  protec¬ 
tion  against  eye  injuries  that  industrial  safety  eyewear 
(which  meets  current  national  standards)  provides 
from  blunt-  and  sharp-object  penetration.^ 

M163A2  Self-Propelled  20-mm  Vulcan  Air  Defense 
System 

The  M163A2  Self-Propelled  20-mm  Vulcan  Air  De¬ 
fense  System  (VADS)  is  a  lightweight  lightly  armored 
gun  system  on  a  full-tracked  vehicle,  designed  to 
provide  air  defense  against  low-altitude  threats  in 
forward  combat  areas  (figure  6-18).  It  may  also  be 
used  against  stationary  or  moving  ground  targets  such 
as  personnel,  trucks,  and  lightly  armcHed  vehicles. 
The  system  is  highly  mobile  and  is  capable  of  high¬ 
speed  operation  on  improved  roads,  cross-country 
travel  over  rough  terrain,  and  amphibious  operation 
on  streams  attd  small  lakes.  TheM16820'mmcatmon 
is  capable  of  delivering  selected  rates  of  fire  of  1 ,0(X)  or 
3X)00  rounds  per  minute. 


An  HHA  of  the  VADS  identified  a  potential  for 
musculoskeletal  trauma  when  crew  members  lifted 
heavy  boxes  of  spare  ammunition  onto  the  vehicular 
platform.  The  HHA  report  recommended  specific 
ergonomic  procedures  for  lowering  the  platform  to 
minimize  the  likelihood  of  musculoskeletal  trauma. 
The  report  also  recommertded  that  the  materiel  devel- 
opercoordinate  with  the  US.  Army  Human  Engineer¬ 
ing  Laboratory  foradditional  work  practices  and  engi¬ 
neering-design  modifications  to  mifigate  the  lifting 
hazard.^ 

Vibration 

Segmental  and  whole-body  vibration  can  occur  "by 
contact  of  a  mechattical  osr^ting  surface  with  the 
human  body."’  Whole-bodyvibrationsaretransmit- 
ted  through  the  feet  of  a  standing  person,  the  buttocks 
of  a  s  ated  person,  or  the  suf^rt^  area  of  a  reclining 
person,  atul  are  found  in  vehicks,  vibrating  buildings, 
and  in  the  vicinity  of  vibrating  machinery.  Body 
segments  including  the  head  or  limbs  can  also  be 
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fig.  6-20.  Counlerobslacle  Vehicle  (COV),  The  prototype  COV  pictured  here  is  a  highly  mobile  \'chic!e  capable  of  clearing 
and  creating  major  obstaclesand  emplacements.  It  isetjuipped  vvitha  combination  bulldo/er/mineplowand  two  telescopic 
arms.  The  arms  are  normally  used  with  buckets,  but  can  also  accept  a  hammer,  auger,  lifting  hook,  grapple,  and  trfher 
attachments.  These  attachments  enable  it  to  move  earth,  breach  minefields,  knock  down  obstacles,  dig  defiladepositionsft>r 
armoa'd  vc^iick’s,  and  excavate  anStank  ditches. 


affected  by  vibrations  from  handies,  pedals,  headrests, 
or  a  variety  of  hand-held  power  tools  and  appliances. 

Fast  Attack  Vehicle 

The  Fast  Attack  Vehicle  (FAV)  is  a  maneuverable, 
lightweight,  all-terrain  vehicle  capable  of  high-speed, 

crt)ss-countrv  travel.  The  FAV  serves  as  a  wcaoons  or 

• 

communications  platform  for  antiarmor,  reconnais¬ 
sance,  deep  attack,  and  other  missions  (Figure  6-19). 

During  development  testing,  50*^  of  the  test  person¬ 
nel  reported  kidney  and  back  injuries  that  were  attrib¬ 
uted  toexcessivelevelsofwhole-btxly  vibration.  These 
injuries  were  apparently  d  ue  to  inadequate  Isolation  of 
the  vibration  through  the  seats  and  inadequate  shock 
absorbancy  in  the  vehicles'  suspen.sion  system.  Thus, 
the  HHA  recommended  that  these  deficiencies  be 
corrected  and  that  the  FAV  operators  be  placed  in  a 
mc-dical  surveillance  program.’'' 

Counterobstaclc  Vehicle 

The  Counterobstaclc  Vehicle  (COV)  is  a  highly  miv 
bile,  armored  vehicle  equipped  with  a  combination 
bulldozer  and  mine  plow  and  telescopic  arms  that 
are  capable  of  accepting  several  pieces  of  modiHed 
construction  equipment.  The  original  vehicle  design 


wasbased  on  the  hull  and  chassisof  the  M88A1  Recov¬ 
ery  Vehicle  and  was  considered  as  a  replacement 
for  the  M728  Combat  Engineer  Vehicle  and  the 
M9  Armored  Combat  Earthmover.  The  COV  will 
support  heavy  divisions  in  the  performance  of 
mobility,  countermobility,  and  surx'ivability  tasks 
(Figure  6-20). 

An  assessment  of  whole-btxly  test  data  resulted  in 
recommendations  to  i.solate  the  crew  members'  seats 
from  the  main  vehicle  frame  by  modifying  the  seats, 
seat  cu.shions,  or  both.  In  lieu  of  accepting  this  recom¬ 
mendation,  the  HHA  repo'^t  advised  that,  for  primary 
and  secondary  road  surfaces,  crew  members  be 
restricted  to  exposure  to  whole-body  vibration  for 
no  more  than  6.0  continuous  hours  in  any  24-hour 
period.’’ 

The  intcmational  Standard  Organization's  (ISO) 
standards  for  whole-btxly  vibration  are  specific  to  the 
high  frequencies  found  in  heavy  equipment.  The  low 
frequencies  found  in  wheeled  vehicles  traversingmugh 
terrain  are,  however,  not  considered  by  «his  stan¬ 
dard.  The  only  definitive  evidence  of  physiokigical 
effects  of  whole-body  vibration  is  the  presence  of 
microscopic  hematuria.  The  OTSG  has  identified  the 
need  for  a  militarily  unique  whole-btxly  vibration 
standard,and  MRDCiscurrently  conducting  research 
to  this  end. 
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SUMMARY 


The  HHA  Program  is  one  of  the  most  militarily 
relevant  applications  of  CKcupa  liorial  health  within  the 
preventive  medicine  arena.  SiiKe  the  formalization  of 
the  program  in  1983,nearly  every  weaponand  support 
system  developed  or  proaued  by  the  army  to  assist 
the  soldier  in  the  held  has  been  reviewed  for  health 
hazards  by  AMEDD. 

Health  hazards  aue  identihed,  evaluated,  atrd  elimi¬ 
nated  or  controlled  through  a  systematic  review  and 
anal)'5is  process  as  materiel  progresses  through  the 
research,  devdopment,  and  acquisition  ptxxess.  Nine 
general  categories  of  healdt  hazard  exposures  have 
heendefmed:  acousticaleneigy,lnok>giGalsubsta]Kes, 
chemical  substaitces,  oxygen  dehdency,  radiation  en¬ 
ergy,  shock  (mechanical  impulse  cm*  impact),  tempera¬ 
ture  extremes,  fdiysical  trauma,  and  vibration. 

HHA  %  one  of  the  principal  domains  within  the 


army's  MANPRINT  Program.  The  health  risk  to  the 
soldier  (as  an  operator  or  maintainer  of  materiel)  is 
evaluated  and  r^uced  by  a  multidisciplinary  medical 
team  including  industrial  hygienists,  audiologists, 
physicists,  toxicok)gists,  engiireers,  biologists,  chem¬ 
ists,  and  occupational  medidne  physicians. 

The  HHA  Program  has  paid  big  dividends  to  the 
army's  equipment  modernization  program,  but  'Jhese 
dividetKls  are  difficult  to  quantify— as  they  ate  with 
most  successful  preventive  medidne  programs.  Suffice 
it  to  say  that  die  recipient  of  the  dividend  is  the  soldier. 
The  oire  who  uses  the  equipment  has  every  right  to 
expeddiattheheahhiisksfromiising  military  haidtvare 
wili  be  reduced  to  the  lowest  feasibk  levd.  Recent 
conflicts  such  as  Operation  Desert  Storm  had  few  or  no 
repotted  ad  verse  healdi  efSecis  from  die  use  of  ntaterid, 
which  testifies  to  the  success  of  this  AMEIX)  initiative. 
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THEATER  HIGH  ALTITUDE  AREA  DEFENSE  SYSTEM: 
INITIAL  HEALTH  HAZARD  ASSESSMENT  REPORT 


The  following  HHA  re{x>rt  is  repxKiuced  in  its  entirety  so  that  interested  readers  can  ixKHe  fully  ai^>redate  die 
depth  and  so^  of  these  investigations.  This  particular  rep<Ht  was  selected  because  (a)  it  demonstrates  that  one 
weapon  system  can  ojqxtse  personnel  to  sevaal  cmnplex  health  haraids  and  (W  this  emerging  ^stem  could 
provide  air  defense  support  to  U5.  military  and  civilian  persotmd  wdl  into  tfie  future. 

INIDAL  HEALTH  HAZARD  ASSESSMENT  REPORT  (RCS  MED  3M)  ON  THE 
THEATER  HIGH  ALTITUDE  AREA  DEFENSE  SYSTEM 
^37-Wff-n 
JULYIWI 

1-  References.  A  list  of  references  used  in  dus  initial  health  hazard  assessment  report  (IHHAR)scontained  in  Apperdix  A. 
IThe  references  were  attached  to  die  original  document  in  the  form  of  an  appettdix. — Eds.] 

2.  Snminary.  The  Theater  High  Altitude  Area  Defense  System  (THAAD)  is  an  area  defense  system  deigned  to  ddnt 
tactical  baIlis^missi}e(TBM)  threats  directed  against  military  forces  aitd  critical  assets(eg.,airBd^aitd  command  centers) 
and  theater  strategic  targets  (eg.,  utilities  and  population,  industrial,  and  government  centers).  The  prindpa!  healtii 
omcents  addressed  in  this  IHHAR  are: 

a.  Chemkal  substances. 

b.  Temperature  extremes. 

c.  Oxygen  deficiency. 

d.  R:^fofrequency  radiation. 

e.  Acoustical  energy. 

Assessments  and  reconunendationscoiKeming  these  issues  are  addressed  in  paragraphsSand  6,  respectivdy.  Additional 
health  hazards  may  be  identified  in  the  future  as  more  information  and  test  data  on  the  THAAD  become  available.  Sudi 
information  must  be  provided  to  support  completion  of  a  final  health  hazard  assessment  report  (HHAR). 

3.  Background, 

a.  TheTHAAOwillbeagroundlatinchedTBMdefensemissilesystemcapabieofendoaiinosphericandexoatinaspheric 
intercepts.  The  system  trin  complement  existing  and  future  air  defense  systems  by  extending  the  TBM  defense  battle  qnce 
andcoveragebeyondthatofthePATRIOTMis^^stem.  TheTHAADurillbefuDy  interqreraUewithexistingairdefierae 
forces  and  organizations.  The  qrstem  is  currently  in  the  dcmcmstration/validation  phase  of  a  streamlined  acejubUion 
process.  An  Army  Systems  Acquirition  Review  CouncU  (ASARO  Milestone  Decision  Review  (MDR) !  is  sdicduled  for 
October  1991.  The  TKAAD  program  includes  {4ans  for  the  fielding  of  prototype  systems  (Le.,  a  provirional  THAAD 
battalion  with  twoTHAAD  batteries)  to  support  operatio3ul  evaluation.  Theol^^veofthisUserOperationalEvalaation 
System  (IKMS)  is  to  haveadepfoyaWe  national asset  withaliinitedcapabili^todefeataTBMthi«at^4(2Fy95(r«ference5 

land  2). 

b.  TheTHAADsystcmdesignandconfiguraticnemphasizeswoildwidedeployability.The^stemwillbetnn^pott' 
aMeby  l^,sea,and^(C-l30aircraft)  without  disassemblyof  any  majorcompoiiCTtAsscari:lyattheti>eaterof  operations 
%vill  belted  to  routine  emplacee)entactiviries(e.g.,3tabiiization,ercction,Gd>iecoiuwction  and  a%naMnt}(reforehoe3). 
The  maior  exponents  of  the  U0f5  and  objective  THAAD  systems  are  similar,  but  the  propoaed  organization  of  cadi  is 
somewhat  diffreent  due  to  a  linuted  number  of  launchers  and  missiles  during  the  early  sti^  of  system  developmenL  A 
UC^THA  AD  Battery  win  have  cneTactica]  Operations  Center  (TOO,  oneThealer  Missile  Dewnse<>round  Based  Radar 
(TMDGBRLandnmissilefaunchers,  TVol^.veTHAADBatteiywiUhavetwoTOa,twoTMl>GBRs,and18mi»rile 
launchers.  Eadi  type  of  baKety  will  also  have  its  associated  maintenanoe/suppoft  equipment  Air  defense  artiUety 
personnel,  similar  to  those  aai^  to  the  PATRIOT  MissQe  System,  will  operate  and  maintain  the  THAAD. 

(1)  Tactical  Operations  Center.  The  TOC  win  be  housed  in  a  Standardized  Integrated  Command  Post  System 
(SKTS)  ri^  walled  shelter.  The  shelter  b  mounted  on  a  modified  M1097  H  gh  Molrility  MuWpurpow  Wheded  VcMde 
(HMMWV).  Standard  SICPS  features  tnchidea5KWgenerilor,9000BTU/hr  air  oanditionei,oollectivecheinicil/biological 
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protection,  equipment  iad(s,  power  and  signal  import/export  panels,  intercom,  and  operator  seats.  The  TDC  will  use 
common  hardware/software  being  devdoped  by  the  Army  Tactical  Conunand  and  Control  System  (ATCCS)  and  be 
iKteroperable  with  other  Army/DoD  and  aUied  Air  Defense  {AD)/C^I  systems  (references  3  and  4). 

(2)  Thater  Missile  Defense^^routtd  Based  Radar.  The  TMD-GBR  is  the  primary  THAAD  sensor/radar  system 
which  perfcnns  target  detection,acquisition,cla»ification,identif!cation,engageinentanddestruction,and  kill  assessmeit 
ftmctions.  It  is  a  phased  array  radar  system  which  wiQ  also  provide  cudng  su[^x>rt  to  other  AD  systems  (eg.,  PATRIOT) 
and  counlerfire  support  by  communicating  estimated  launch  points  to  the  command  and  contrd  network  toenharree  the 
detection  and  destruction  of  enemy  laundh  facilities  (reference  5).  The  DOES  THAAD  TMD-GBR  will  be  based  upon 
travdling  wave  tube  (TWD  technolog}’ aitd  the  objective  TMD-GBR  will  use  solid-state  techndogy.  Therefore,  the  radar 
support  equipment  used  by  each  of  the  systems  will  differ  slightly.  The  DOES  system  will  consist  of  the  radar  antenna 
asi^embly,  array  cooling  unit  (850,fX)0  BTU/hr),  a  prime  power  unit  (three 500  KW  generators),  a  radar  control  van/shelter, 
a  high  voltage  power  supply,  radar  dectrtHiics  unit,  and  prime  movers.  The  objective  THAAD  TMD<^BR  wiQ  not  require 
a  high  voltage  power  suj^y  and  radar  dectronics  unit  (references  5  and  6). 

(3)  Missile  iaondiers.  Missile  laundters  will  be  trude  or  trailer  mounted  using  standard  Army  5-lon  trucks.  Eadi 
hit-to-kill  missile  will  be  a  certified  round  contained  in  a  storage/shipping/launch  canister  (eg.,  PATRIOT).  The  number 
of  missiles/carusters  per  laundter  will  be  detennined  by  the  capa^  of  the  prime  mover  and  C*130  transportability 
requinentents.  TheinissUewillbeliquidfuded(dinitiogentetioxideoxMizerandhydrazinepr(^)d]ant)withpressurized/ 
sealedtanks.  The  lauitdier  will  he  c^rerated  remotely  by  dataTink  from  the  TOC 

c  No  previous  HHARs  have  been  completed  on  the  THAAD.  However,  HHARs  have  been  compkted  on  a  similar 
missile  system  (le..  Kinetic  Energy  Anti-Sat^te  System)  and  on  items  which  will  be  used  by  the  THAAD  System.  These 
HHARs  were  reviewed  for  lessons  teanted  and  possible  application  to  the  THAAD  System  (reference  7).  Personnel  from 
the  U5.  Army  Enviroruitental  Hygiene  Agenc)’'s  (IKABIA)  Health  Hazard  Assessment  Office  attended  a  THAAD 
MANPRINT  Joint  Working  Group  meeting  in  or^  to  provide  health  hazard  assessment  support  to  the  THAAD  Program 
and  obtain  information  on  the  system  (reference  6). 

4.  Identifkation  of  Health  Hazard  Imucs.  The  following  potential  health  hazards  have  been  identified  after  review¬ 
ing  the  limited  information  currently  available  on  the THAADSystem.  Additional  health  hazards  may  be  identified  as  the 
devdopment  of  the  THAAD  System  continues  and  future  HHARs  are  comjdeted  on  the  system. 

a.  Chemical  substances. 

(1)  Diesd  engine  exhaust 

(2)  Rocket  iTK>tor  prqaeUant  and  oxidizer. 

(3)  Hre  extinguishing  agents. 

(4)  Nu<jear,biologica],aird  chemical  (N8Q  agents. 

(5)  Offga.«»ii^ 

b.  Temperature  extremes. 

(1)  Heat  stress. 

(2)  Coldsiress. 

c.  Oxygen  deficiency. 

d.  Radiofrecpiency  radiation. 

e.  Acoustical  energy. 

(1)  Steady-stale  none. 

(2)  Impulse  ncise. 

5.  AMcanncnl  of  Health  Hazard  Imcs. 

a.  Chemical  substances. 

(1)  Diesel  engine  exhaust 

(a)  Combustion  products  from  diesel  enfpnes  include  carbon  monoxide  (CO),  oxides  of  nitrogen  (NOx), 
fortnalddiyde,  acrolein,  arid  sulfordfoxklefSOj).  Carbon  monoxide  is  a  ch«nkala^%)iiantwhidi  decreases  the  ability 
of tbebloodtocarry oxygen tobody  tissues.  Hi^concentrationsofCOinayberapidtyfolalwithoutproducingsigmficant 
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wamir-g  pn^Krties  (reference  8).  Oxides  of  nitrogen  are  deep  lung  irritants  which  produce  cough,  shortness  of  breath,  and 
pulmonary  edema.  Fonnakiehyde,acroiein,andsulfurdioxidccauseskin,eye,and  mucous  ineml»ancirritatkm<f«fierences 
8  and  9).  It  is  also  important  to  note  that  the  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  has  proposed 
that  diesel  engine  exhaust  and  formaldehyde  arc  potentially  carcinogenic  materials.  The  NIOSH  recommends  that 
personitel  exposed  to  diesel  fuel  exhaust  be  informed  of  this  potential  hazard  aitd  that  exposures  be  reduced  to  die  lowest 
kvd  feasible  (refcrerrce  10). 

(b)  Vehidecngirte  exhaust  The  current  host  vehicle  fm’ the  THAADSfCPS,  the  HMMWV,b  powered  a 
62  liter  diesel  engirte  and  has  a  standard  exhaust  system.  Vehicle  exhaust  cotKentrations  inside  the  cab  are  not  a  proUm 
if  the  exhaust  system  is  visually  inspected  as  part  of  the  vehicle  maintenance  program  and  the  integrity  of  the  three  piece 
exhaustsystemisnotcompronused.  TM-9-2320'298-20addtessesexhaustsystemtnaintenatKe(refetetKell).  Pctsotmdin 
the  shelters  should  not  be  at  risk  from  engine  combustion  products  if  vehide  engines  are  not  numing  when  the  THAAD 
system  is  operational  Design  requirements  for  exhaust  systems  are  contained  in  MIL-HDBK-759A  (reference  12). 

(c)  GeneratorengirteexhausL  Diesd-fueledgetterators  will  provide  power  to  occupied  shelters  and  control 
vans  for  the  electronks,  heat,  and  air  crMiditioning  and  other  THAAD  components.  Combustion  products  from  the 
generators  should  ruit  be  a  concern  because  the  generators  will  be  positioned  at  a  distance  from  the  vdude  artd  die  shelters 
(refereiKe  6).  However,  a  detailed  system  description  and  use  scenario  is  required  to  fully  assess  this  hazard. 

(2)  Rocket  motor  propellant  and  oxidizer. 

(a)  TheTHAADmissileisliquid faded.  Thepropdlantishydrazine,N2H4.Theoxidizerisdinitrogenletroxide, 
N/>4(tefer«noe6).  The  missiles  will  be  ptelaaded  with  the  propellant  and  oxidizer  in  pressurized  sealed  tanks  (reference  1). 

(b)  ThereisapotenlialforseriousexposuretoTHAADmi$si)emaintenanoeandoperalionalpeTsonnd,and 
any  personnel  involved  in  padcaging,  storage,  hailing,  and  tran^xxt  of  fueled  missiles  should  a  leak  develop  in  the 
pressurized  propellant  oroxidizertanks.  BothhydrazireanddimtTogrotetroxideareextremelytoxicsubstancesfreferences 
13,  Hand  15). 

(c)  Hydrazine  is  a  subjected  human  carcinogen  and  a  skin  contact  hazard.  Hydrazine  vapors  are  highly 
irritating  to  the  eyes,  upper  respirah^  tract,  and  skin.  The  liquid  is  conorive,  producing  penetrating  bums  and  severe 
dermatitis;  permanent  eye  damage  and  blindne^  nay  occur  if  splashed  in  the  eyes  (reference  13). 

(d)  Dinitrogen  tetToxideisadimer  of  nitrogen  dioxide  When  nitrogen  dioxide  is  under  pressure,  it  is  oonvertsd 
rntodinitrogen  tetroxide.  Whenptes6ureisrrieasedthegasreieasedbnitrogendk»^(referencesl6atid17).  Nitrogendioxide 
bhighlylonc  Nitrogendioxidetsapultrxmaryirritaiit  Aielativelyminorleakcouldeiqiosepersonneliodebilitatingorpoasibiy 
fatal  le^  of  NO.  Eiqx»utelo100  parts  p«milIion(ppm)  for  one  hour  can  produce  debilitating  dyqmca  or  pulmonary  edema 
(reference  17).  Exponues  of  diisievri  could  occur  ifaminor  leak  devdoped  in  the  system.  However,  under  normal  conditions 
the  rocket  propdbnt  and  oxidizer  arc  in  sealed  tanks  inside  the  missile  which  is  stored  in  a  sealed  canister. 

(e)  The  current  Army  adcqited  maximum  exposure  levds  for  hydrazine  and  nitrogen  dioxide  arr. 


HydntziPt 

Nitrogen  dioxide 

10  min 

30  ppm 

10  min 

5  ppm 

30  min 

20  ppm 

30  min 

3  ppm 

60  min 

2  ppm 

60  min 

1  ppm 

24  hr 

0.06  ppm 

2hr 

03  ppm 

4  hr 

025 ppm 

Shr 

0.12  ppm 

24  hr 

0.1  ppm 

These  are  exposure  levels  at  which  Army  personnel  can  continue  to  function  in  a  military  unique  operation  or  emergency 
situation  and  be  unlikely  to  suffer  irreversible  effects.  However,atemporary  perfonnatKedecrgnentmayresult  Theiefate, 
these  levek  must  not  used  as  design  standards  by  materid  developers.  Exposures  to  chemical  substarKes  should  be 
controlled  to  the  lowest  ievd  faasiUe  in  accordance  with  MIL-STD-1472D  (reference  18). 

(3)  Fire  extinguishing  agents. 

(a)  It  is  expected  that  an  automatic  tire  extinguishing  system  (AFES)  will  be  provided  for  the  THAAD  to 
protcctboththesafrtyandhealthofthesoldierandtheATmy'sinvestmentinequipfflent.  Thedocumentsreviewed  for  this 
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IHHAR  do  not  address  an  AFES  (references  3. 6,  and  19).  Therefore,  an  assessment  of  the  health  hazards  associated  %vith 
the  AFES  cannot  be  completed  at  this  time. 

(b)  If  an  AFK  is  selected  for  use  in  U»e  THAAD  and  a  halon  fire  extinguishing  agetrt  is  used,  Hakm  1301  is 
theonlyOfficeofThe  Surgeon  General  (OT5G>-a]^>TDvedhalon  fire  extinguishingagent  for  use  in  occupied  enclosed  spaces 
(references20and21).  Halon  1301  v/asselectedasthemostsatisfactory and  least  toxicainong97 agents testedform^tary 
vehicle  applications  (reference  21).  Relatively  sntall  concentrations  of  Halon  1301  are  required  to  extinguish  fires 
inhibiting  the  chemical  reaction  of  fuel  and  oxygen  (reference  22).  The  OTSG  policy  regarding  Hakm  1301  specifies  that  the 
averageatmosphericconcentratioir  Kill  not  exo^7percent  by  volume,and  the  exposure  fimeforpersotuid  will  trot  exceed 
15  minutes.  The  policy  assumes  appropriate  en^neering  design  to  sense  the  fireand  deliver  the  agent,  and  to  extinguish 
the  firepromptly  so  thatpersormel  exposures  to  theHa)onl301  and  its  toxicpyrolysisproductsareminimized.  Halon1301 
total  fleeing  system  design  standard  itray  be  found  in  reference  22. 

(4)  Nuclear,  biological,  arrd  chemical  agents.  The  SICPS,  whidr  houses  the  IXXT,  is  rtormally  equipped  with 
modular  collectiveprotection  equipment  (MCPE)  (tefererrce4).  It  is  expected  that  MG*E  will  be  provided  forotherTHAADS 
shelters  (e.g.,  radar  control  van)  to  protect  the  health  of  the  soldier  in  an  NBC  environment  Test  data  whidi  verify  the 
effectiveness  of  MCPE  are  not  available.  Therefore,  MCTPE  cannot  be  assessed  at  this  time.  Test  data  must  be  provid^  to 
support  a  final  HHAR  on  the  THAAD  MCPE 

(5)  Offgassing.  TheTHAADts  required  tobecapableofstorageand  operation  in  extreme  tempcraturesfreference 
3).  Prolonged  storageoruseatelevatedtemperatutescouldresultintherdeaseofgasesarrd  vapors  ftom  shelter  construction 
materials  (e.g.,  plastics  ar>d  other  synthetic  nuterials).  Soldiers  occupying  THAAD  shdters  may  experience  adverse  health 
effects  or  performatKe  decrement,  depending  upcm  the  type  and  correentration  of  the  gases  arid  vapors  to  which  they  are 
exposed .  The  materiel  developer  shotdd  ensure  that'only  safe  construction  nuiteriab  are  used  in  occuf^  THAAD  shdters 
orvans.  Detailed  information  on  such  materiabb  not  available.  Sudr  information  must  be  provided  by  the  manufecturer 
to  support  completion  of  a  final  HHAR  on  the  THAAD. 

b.  Temperature  extremes.  The  THAAD  will  operate  in  hot,  cold,  and  basic  climatic  categories  (-50°  to  120°F)  and  in 
severecoIdusingarcticldb(referenoe3).  Therefore,  the  pmtential  for  THAADoperators  to  experience  in  jury  or  performance 
decrements  due  to  exposures  to  temperature  extremes  b  likely. 

(1)  Heat  stress. 

(a)  A  variety  of  heat  illnesses  may  occur  when  personnel  are  exposed  to  hot,  stressful  environments  for 
prolonged  {>eriods  of  time.  According  to  TB  MED  507,  the  commonly  rejported  heat  illnesses  are  heat  cramprs,  heat 
exhaustion,  and  heat  stroke  (reference  23).  Equally  impxntant  b  the  performatKe  decrement  whidt  may  occur  among 
THAAD  personnel  with  elevations  in  core  body  temperature  less  than  that  required  to  cause  heat  illness. 

(b)  In  hot/dry  or  hot/ wet  en  vironmenb,  the  most  im  jxntant  medianism  for  lowering  body  core  temperature 
b  evaporative  cooling.  Adequate  ventilation  will  aid  in  the  evapxtrative  cooling  of  THAAD  ptersonnel  during  hot  weather 
opterations.  However,  the  potential  for  heat  stress  ptroblcms  b  .sigruficantly  increased  when  ptersonnel  wear  Mbtion 
Oriented  Protective  Posture  (MOPP)  gear  for  pnotection  against  NBC  agenb,  due  to  ib  insulating  effeds  between  the 
wearer's  body  and  the  shelter  environment  (refereitce  24).  Microclimatic  cooling  b  an  effective  means  of  cooling  pwrstMutel 
wearing  MOPP  gear. 

(c)  ReferetKe25containsFCnnis5ibleHeatEx}XKureThreshold limit ValuesCTLVs).  The TLVsarebasedupxm 
the  assumpTtiun  that  nearly  an  acdimatized,fuIiydothedwot)^  with  adequate  water  ard  salt  intake  should  be  able  to  function 
effcctivdy  under  the  given  worldng  conditions  without  exceeding  a  deep  body  temperature  of  100.4°F.  Snee  measurement  of 
deep  body  temprerature  b  impjractica]  for  monitoring  workers' heat  load,  the  measurement  of  environmental  factors  whidt  most 
nearly correlatewithdeepbodytenipKratureandotherphystologicalresponsestoheatbtequired.  Atthepmesenttimc,theWet 
Bulb  Globe  Temperature  (WBGT)  Index  b  the  simp}iest  and  most  suitabie  technique  to  measure  tiic environmental  fKtors. 

(d)  TheSiCTSshelter  which  housesthe  TOC for  the  THAADsystembequip>pedwitha9000BTUheater/air 
conditioner.  The  cooling  efficiency  of  the  air  conditioner  has  not  been  determined.  Neither  has  a  means  of  cooling  the 
operator  if  MOPPgearbrequired  to  be  worn  irtsidctheSiCPSce  other  shelters  inanNBCenvironmenb  Heating,  ventilation, 
and  air  conditioning  requiremenb  in  personnel  endosures  are  contained  in  MIL-5n>>1472D,  praragrapih  5B  (reference  IB). 
Additionafiy,  ito  heating/cooling  information  b  available  for  the  radar  control  van  whidi  b  an  occupied  shelter.  An 
assessment  of  pxKential  heat  injury  to  THAAD  piersonnel  cannot  be  completed  at  thb  time. 

(2)  Cold  stress. 

(a)  In  cold  tempieratures,  physical  and  psychological  handicapis  will  be  presented  to  THAAD  piersotmd.  In 
cold  weather,  pwrsonnd  efficiency  and  motivation  may  be  impaired  despnte  the  best  of  cold  weather  clothing.  Persona) 
discomfort  increases  rapiidly  as  the  lemprerature  drops  below  appiroxiinately  10°F.  Below  0°F,  performance  decrement 
increases  rapidly  as  temperature  falb  (reference  12). 
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(b)  The  type  of  cold  injury  produced  depends  upon  the  degree  of  cold  to  which  the  body  is  exposed,  the 
duration  of  exposure,  and  certain  concurrent  environmental  factors.  Cold  injuries  may  be  type-divided  into  "freezing" 
(frostbite)  and  "non-freezing"  (trench/immersion  foot)  (reference  26). 

(c)  Cold  injuries  arc  preventable  and  successful  prevention  requires  prior  planning,  cold  weather  training, 
and  the useofproperdott^gand equipment  ^redhcpreventivemeasuresshouldbedirected  toward  conservationof  body 
heat,  avoiding  unnecessary  or  prolonged  exposure  to  cold,  moisture,  and  activities  favoring  cold  injury.  Detailed  guidance 
regarding  cold  injury  and  its  prevention,  recognition,  and  treatment  is  contained  in  TB  MED  81  (reference  26).  TheTHAAD 
personnel  will  be  exposed  to  limited  periods  of  extreme  cold  since  operation  of  the  system  will  be  done  from  inside  shelters 
and  vans.  Information  addressing  the  efficiency  of  shelter  heaters  is  not  available  and  the  potential  for  cold  stress  injuries 
cannot  beassessedat  this  time.  Heating  requirements  for  personndsheltersarecontained  in  MIL-STD-1472D  (reference  18). 

c.  Oxygen  deficietKy.  Persormel  will  be  working  in  the  THAAD  for  undetermined  lengths  of  time,  and  adequate 
ventilation,  as  described  in  M1L-STD-1472D  (reference  18),  must  be  provided.  Shdter  ventilation  data  are  not  available. 
Therefore,  it  cannot  be  assessed  at  this  time. 

d.  RadioftequetKy  radiation. 

(1)  Theater  Missile  Defense-Ground  Based  Radar. 

(a)  The  TMD-GBR  candidate  fex^  the  THAAD  will  use  a  transmitter-amplifier  based  either  on  TWT  or  s(^ 
state  technology  for  generating  radiohequetKy  radiation  (RFR).  TheTMD<JBR  anteima  will  bean  electronically  steerable 
phased  array.  This  antenna  will  be  able  to  instantiy  steer  the  very  narrow  main  beam  anywhere  within  the  ±60®  azimuth- 
elev’ation  cone  that  is  normal  to  the  plane  of  the  array  (160®  about  boresight)  (this  is  the  estimated  capability  of  the  system). 
That  cone  of  instantaneous  coverage  can  also  be  directed  into  any  azimuth  angle  around  a  full  drde  (360®)  by  medianially 
reorienting  the  antenna  itself,  it  is  unclear  at  this  time  what  kind  of  transmisaon  line  (waveguide  or  coax)  will  be  used  to 
intercoruiect  the  antenna  with  the  transmitter. 

(b)  Anal]^  .shows  the  main  beam  of  the  TMD-GBR  will  be  subject  to  radiation  protection  control  to  a  range 
of  about  3  km  from  the  face  of  the  an’enna.  Because  of  the  full  azimuth  and  elevation  coverage  that  is  possible  for  the  radar, 
that  range  of  con  trol  probably  needs  to  be  applied  ov’er  the  full  upper  hemisphere  of  cox’crage  that  sunouneb  the  anterma. 
Analysis  also  indicates  that  an  extremely  hi^  radiating  power  density  lex’el  can  be  expected  to  a  main  beam  range  of  about 
05  kin.  An  extremely  high  power  density  level  can  al«>  be  expected  in  the  vicinity  of  any  open  or  broken  waveguide 
transmission  line  associated  with  the  transmitter,  if  waveguide  is  used. 

(c)  Modem  phased  array  radars  will  normally  use  sophisticated  tedmology  to  control  the  direction, 
seqiiendng,  and  total  RFpowCTthatisdirectedlntoany  given  narrow  volumeofspaceatany  given  tune(reference30).  These 
controb  also  help  to  control  unwanted  irradiation  of  personnel  who  are  working,  or  collocated,  with  the  system.  Based  on 
the  kinds  of  controb  and  the  detailed  mission  tequiremenb  of  the  radar,  such  "built-in"  radiation  protection  could  be 
automatic  with  the  TMD<jBR.  If  that  b  the  case,  theTMD-GBR  anteima  a»embly  could  possibly  be  used  without  concern 
foe  control,  within  1 .4  km  of  personnel.  Some  t«itative  recommendations  for  conbtd  of  the  system  have  been  made  at  thb 
time.  As  the  hardware  design  phase  advances,  and  certainly  as  soon  as  an  operating  nnodel  b  completed,  a  comprehensive 
RFR  study  and  evaluation  should  be  requested  frwn  USAEHA  in  accordance  with  AR  40-5  (reference  27). 

(2)  Single  Oamnel  Ground-to-Air  Radio  System  (SINCGARS). 

(a)  Reference3spedfiestheuseofdieS!NCGARS.  ThbradiosystemutilizesaSO-Waveragepow’ervducular 
tra  i;smittcr,opcrating  over  the  3O-80MHz  frequency  band,andamai>packradiothat(^)eiates  over  the  same  frequency  band 
at4DW.Theou>putpow«-ofthemanpackradiobteowthethresho)dforradiationprotectioncontrol(7.0Watfrequencies 
less  than  li«  GHz).  TheantenrufOTthevehkulariadiosctbaS-mwhip.  Analy^  and  measurement  have  shown  that  the 
SO-Wsystcmbabletoproducepow-erdeRsitiesmexcessof  1  mW/cm2within0.7moftheantenna.  Thb  b  the  PEL  for  the 
most  reslnctive  portkm  of  the  SINCGARS  frequerKy  band.  The  SINCGARS  b,  therefore,  sul^ect  to  radiation  protection 
control. 


(b)  Topreventposs:bIeRFshodcandbum,personnelshouJdbeinstructedtoavoidcor.tactwiththeantenna. 
Thb  shock  and  bum  avoidartce  procedure  nonnaDy  keeps  a  person's  whole  body  well  outside  of  the  0.7-m  control  range, 
and  as  sudi,  consiitulcs  adequate  radiation  protection  for  p«sonnel  using  the  SINCGARS. 

(3)  Joint  Tacikal  Information  Kstributkm  System  OTIDS). 

(a)  Reference  3  spedfie  that  THAAD  will  interoperate  with  the  JTIDS.  TheJTlDSutilizesaTOOWpeakpower 
transmitier  operating  over  the  freque^  band  of 960-1215  MHz.  Thereba  w^  variation  in  available  transmit  power  and 
frequency  outputoptions,and  the  tuition  seiectedbpnmarilydependentupon  the  number  of  usersandamountof  data  flow 
ata^ventime.  A  maximum  transmitter  duty  cycle  of  0.1  bnonnallyestimatedfbrthe)TID5,baseduponaIlfactorsbeing 
Jdworstcase.  AO.l  duty  cycle  tesulb  in  a  nuximum  average  ponver  output  of  20  W. 
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(b)  A6-<H'9-dBigainonuiidirectionaianteitnaisttsedwiththesystent  TheselectedantennawiUbemounted 
eitherontheroofof  thecoiiununicationshelterorontopofa  teksct^inglO-mmast.  The  ladiation  element  of  either  antenna 
is  about  1-m  long  and  3  on  in  dianneter.  The  JT1E)S  will  produce  power  density  levek  in  excess  of  10  mW/cnt^  toa  range 
of  30  an  fhmi  either  antenna.  The  only  practical  RFR  thmt  comes  hrom  possible  RF-shock  or  bum  produced  by  touching 
the  antenna  during  transmission. 

(c)  PersonnelwillnotiwrmallybewidunthecDntrolrangeoftheantetuui.  However,  where  contact  with  the 
antenna  is  possib!e,RFshockand  bum  areathreatandpersonirdareinstructedtoavoid  contact  with  thcantenna.  This  shock 
arid  bum  avoidance  procedure  normally  keeps  a  person's  whole  body  well  outside  of  the  30  cm  control  range  and,  as  such, 
constitutes  adequate  radiation  protection  for  perscmnel  using  the  JTIDS. 

(4)  Joint  Surveillance  attd  Target  Acquisition  Radar  System  (JSTARS). 

(a)  Refoence  3  specifies  that  THAAD  will  interoperate  with  the  JSTARS.  This  system  serves  as  a  data  link 
transceiver  which  receives  and  processes  near-real  time  radar  target  information  about  enemy  fdlow-on  forces.  Two  types 
of  RFR  sources  are  used  %vith  JCTARS:  the  SurvdOance  Omtrol  Data  Uitk  (SCDL)  and  the  AN/VRC-46  radio. 

(b)  The  SCDL  is  a  wide-barrd  data  link  operating  in  Ore  Ku  frequency  band.  TheSCDLhastfiecapalxlitycif 
trarrsniitting  in  an  uplink  mode  %vith  an  on-timedurationofapproximately  25  msec  Cbmputerdefaultsetlir^llmittheuplink 
transmission  repetthorwale  to  once  every  ^  msec  This  low  onlimeatrd  repetition-rale  constitute  a  very  low  duty  cyde  and 
resuharttlowaveis^outputpower.  TheSCDLutilizesaradc>iw<overedditWti(inaIantennawhidicantemourttedeidieron 
amastcntopoffhesheileraronal-mtrqxxionthegtDund.  Actual  bansmitterpoMieroulputandanlenna  gain  vakiesaredasstfied. 

(c)  Power  density  levds  can  be  emitted  in  the  beam  of  the  antenru  for  very  dwrt  periods  of  time.  Howrever 
due  to  the  extremely  low  duty  cycle  of  the  transrrutter,  the  maximum  average  power  density  level  is  much  lower  than  the 
10mW/ait2PEL  The  SCDL  is  trot  subject  to  radiation  protection  control 

(d)  The  AN/VRC-46  Radio  is  used  for  dissemituttir^batiiefiddmldligence  to  appropriate  users.  These  radios 
operateinthe30-68MKzirequencybandatamaximumpoweroutputof35W.  The3-mwhipantermasusedwithdteseradios 
aremountedontheoommunicationsshelterroof.  PowerdensHylev^exceedingthePELoflmW/cn^OnostconservativePEL 
inthisbartdlcanexistloadistarKfiofOJmftomeitherantentawhenthctransmitteroperatesatmaximumpoweroutput  The 
oidy  practical  RFR  dueat  comes  from  possible  RF-shock  or  bum  produced  by  toudung  the  anteima  during  transmission. 

e.  Acoustical  energy. 

(1)  Steady-state  noise. 

(a)  Asteady-5tatenoiseleve!of85dBAorgreaterbconsidereditazardous(refeTences27and3I).  Thislimit 
assumes  no  more  than  8  hours  per  day  of  high  rtoise  levels.  For  exposure  exceeding  8  hours  per  day,  noise  levels  bdow  85 
dBAnuybehazardous(refereTKe31}.  Prolonged  unfwotectedexposuretohazardousnoiseleWbiivillcauselosscfheaTing. 

(b)  Theprmdpalsteady-statsnoisesourceson theTHAADareexpected  tobegeneratOTs, trucks,MCPE,and 
winch  drive  motors. 

(c)  Steady-state  noise  daU  at  the  operator's  position  and  around  the  THAAD  are  not  available;  therefore, 
assessnrent  of  this  issue  is  tKM  possible.  Steady-statetKMse  associated  with  the  THAADmust  be  collected  in  accordance  with 
MIL-STD-1474C  (tefereiKe  32)  to  support  an  assessment  of  this  issue. 

(d)  Therecmnmendeddesignlimitforsteady-5taterK>isebMIL-STD-1474CCategotyD(85dBA).  Itshould 
be  noted  that  for  c^Urity  in  communications  (speech  intdligibility).  Category  E  or  F  may  be  appropriate  (refereiKe  32). 

(2)  Impulse  nmse 

(a)  An  impulse  noise  in  excess  of  140  dBP  b  considered  hazardous  (refereiKes  27  and  31).  Repeated, 
unprotected  exposure  to  hazardous  impulse  noise  will  cause  permanent  hearing  loss.  Exposure  to  impulse  noise  leveb  in 
excess  of  Curve  Z,  MIL-STD-1474C  (referertce  32),  even  when  wearing  hearit^  protective  devices  (HPDs),  b  considered 
hazardous  for  hearing  conservation  purposes. 

(b)  The  potential  sources  of  impulse  noise  on  the  THAAD  ate  the  rodcetlaundier  and  the  AFES. 

(c)  MIL-STD-1474C  Figure  >0  (reference  32)  Ibb  design  limits  for  exposure  of  personnd  wearing  HiTXs  in 
terms  of  level,  B-duration,  atKl  number  of  exposure  per  24  hours. 

(d)  Certain  AFES  designs  produce  high  impulse  noise  levHs  on  activation.  The  noise  source  b  the  sudden 
release  of  the  pressurized  (750 psi)halon  through  the  valvearrditozzle.  The  rwbelevelatany  location  in  theshelter  will  vary 
according  to  foe  dbtatKC  and  angle  from  the  nozzle. 

(e)  If  the  AFEScurrently  used  on  Army  tactical  vehicles  bemplqyed  on  foe  THAAD,  then  existing  data  may 
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be  adequate  to  evaluate  this  impulse  noise  hazard.  This  would  entail  the  analysis  of  the  present  AFES  data  (references  33, 
34,  aiKl  35)  using  the  distances  within  the  THA  AD  fn»n  nozzle  locations  to  personnel  positions. 

(0  Impulse  iwise  data  at  the  THAAD  operatra's  position  and  maintenance  personnel  locations  are  not 
available;  therefore,  assessment  of  this  issue  is  not  possible.  Impulse  noise  associated  with  the  THAAD  must  be  collected 
in  accordance  with  NfIL-STD-1474C  (reference  32)  to  support  an  assessment  (A  tius  issue. 

6.  Recommendatioitt. 

a.  Chemical  substances. 

(1)  Diesel  fud  exhaust 

(a)  Ensure  that  foe  design  and  puiduseqiedfications  for  the  final  configuration  of  THAAD  require  airborne 
concentrations  of  toxicsubstaiKes,noinatterwdvitfoesource(fcg.,vdudeandelectricgeneratorexhaust),inside  occupied  qwces, 
vdudecabs.  refrigeration  and  radar  conbtJar^  and  shelters  to  be  corttroUed  to  the  lowest  level  feasible  and  not  toexceed  current 
Am^  adopted  exposure  limits  in  aoootdaitce  wifo  MiL-STD-1472D  (refererwe  1 8)  and  AR  40-5  (reference  27).  Comphanoe  with 
these  requirements  must  be  followed  during  an  operational  modes  including  extreme  low  temperature  startup.  Additionally, 
pfDvklein.fontutk)nastotheuseofsup)4ementalheateisforvehidecabs,er^inebhx)csandbatteTks.  Noriskassessmentcode 
(RAO  can  be  assigned  at  fois  time. 

(b)  EnsurethatfoefinaloonfigurationoffoeTHAADpositions5ouroesofairbomecontaminanls(eg.,vdiides, 
generators  and  other  et^ineexhavist)as  faraway  from  occuped  shelter  !ieater,airccmdition!ng,ventiIationandNBCfiliersysiem 
air  inlets  as  possiHe  in  aocDrdanoe%vifoMIL^lD6K-7S9A  (reference  12).  No  RAC  can  be  assigned  at  this  time. 

(c)  Prmnde  a  detailed  system  description  and  use/training  scenarios  for  foe  final  THAAD  configuration  to 
support  completion  of  a  firulHHAR.  No  RAC  can  be  assigned  at  fois  time. 

(2)  Rodcet  motor  propellant  and  ondizer.  No  reconunerulatioits  are  necessary. 

(3)  Hre  extinguishing  agents. 

(a)  EnsurefoatfoedesignatKipurchasespecificaUonsforfoefirudconfigurationoffoeTHAADAFE5,ifused, 
indudes  foe  current  OISG  prfocy  (i.e,  the  average  crmcentneticn  of  Halon  1301  will  not  exceed  7  percent  by  volume,  and  the 
exposure  tirt«  for  personnd  will  not  exceed  15  mimites).  A  RAC  2  {Hazard  Severity  (IS)  11,  Hazard  Probability  (HP)  Cl 
b  assigned  for  failure  to  comply. 

(b)  Provide  detailed  AFES  design  information,  if  used,  for  the  final  THAAD  configuration  to  support 
com{detion  of  a  final  HHAR.  The  information  should  include  the  fire  extingubhing  agent  concentration  inside  shdters 
following  AFKdbdiatge  and  the  location  of  discharge  nozzles.  NoRACcanbeassigriedatthbtime. 

(4)  Nuclear,  biological,  and  chemical  agents. 

(a)  EnsurethattheMCPEiiKcrporatedintotheTHAADbeffectiveinprovidinganacceptablelevdofNBC 
protection  to  personnd  inside  occupied  spaces/shdters.  No  RAC  can  be  assigned  at  fob  time. 

(b)  CoOecttestdatawhkhmeasurefoeeffectivenessoffoeTHAADMCPF.toprovideanacceptablelevdofNBC 
protection  to  personnd  inside  occupied  ^aces/shelters.  Te^  data  should  indude  that  data  collected  during  dullenges%^ 
aitfoient  concentrations  of  dtemical  agent  (or  a  suitable  simulant)  ardic^ted  on  a  chemical  batfiefidd  during  ty{^  THAAD 
operations.  Sudi  data  must  beprovided  on  foe  firulconfiguraficnofTHAADtosuppoitoonqrletionofafmal  HHAR.  No  RAC 
can  be  assigned  at  fob  time 

(5)  Offgassing 

(a)  EnsuiefoatTHAADdesignandpuTchasespecificationsrequireshelteraikl/orctmtroIvanconstruction 
itutenalswhich%vill  trot  rdeasehazardousgasesandvaporsduring  prolonged  storageoruseat  high  temperatures.  No  RAC 
can  be  assigned  at  fob  time 

(b)  Obtain  a  detailed  list  of  THAAD  shdter  and/or  control  van  constniction  materiab  and  associated 
manufacturersmateTialsafetydatasheebtosuppottfoecompletionofafirulHHAR.  NoRACcanbeassignedatfobtime 

b.  Temperature  extremes. 

(1)  Ensure  that  the  design  tmd  purchase  ^pedfications  for  the  final  configuration  of  THAAD  ittcorporales  foe 
heating  and  air  conditioning  tequhemenb  for  occupM  shelters  contained  in  MIL-Sn>-1472D  (reference  18).  No  RAC  can 
be  assigned  at  fob  time 

(2)  ProvidemicrDdhnaticcooitngforTHAADpersotmdifMCrebnotittdudedinfoefinalconfiguiationofthz 
qrstem  or  personnd  are  requited  to  wear  MOPP  gear  in  shdteis  in  an  NBC  environment  Comply  with  foe  cooling 
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requirements  for  such  systems  attained  in  M1L-STD-1472D  (reference  18).  No  RAC  can  be  assigned  at  this  time. 

(3)  Collect  test  data  which  measures  the  effectiveness  of  the  THAAD  heating  and  air  conditioning  systems  to  meet 
the  heating  and  cooling  requirements  conUined  in  M1L-STD-1472D  (reference  18).  Test  data  should  indude  that  data 
collected  during  challenges  at  the  upper  and  lower  temperature  extremes  of  the  THAAD  design  operating  temperature 
range.  Sudt  data  arul  detailed  heating  and  cooling  system  design  information  must  be  provided  on  the  firral  configuration 
of  THAAD  to  support  completion  of  a  final  HHAR.  No  RAC  can  be  assigned  at  this  time. 

c.  Oxygen  defideiKy. 

(1)  Ensure  that  the  design  arxl  purdtase  specifications  for  the  final  configuration  of  THAAD  inomporates  flie 
veirtilation  requirements  for  occupied  shdtersamtained  in  MIL‘Sll>1472D(TefereiKe18).  NoRACcanbeassignedatthistime. 

(2)  Collect  test  data  whidi  rtteasures  the  effectiveness  of  the  THAAD  ventilation  system  to  meet  or  exceed  the 
ventilation  requirements  contained  in  MIL-SI  D-1472D  (referetKe  18).  Such  data  and  detailed  ventilation  system  deagn 
information  must  be  {mnided  on  the  final  configuration  ofTHAAD  to  support  completion  of  a  fiital  HHAR.  NoRACcanbe 
aligned  at  this  tim& 

d.  Radiofrequency  radiation. 

(1)  TheaterMissUeDefense<^roundBasedRadar.  Exdudepersonrtdfiomthemain-beamregionoftheanteniia. 
Automatic  control  of  the  beam  direction  and  intensity  (with  selectable  or  variable  features)  should  be  specified/designed 
into  the  system.  A  warning  light  should  be  used  on  the  antenna  assembly  to  warn  persomtel  not  to  approach  the  antenna 
when  theanterma  is  transmitting.  To  prevent  personnel  from  entering  the  radiation  ccmtrol  area,  RFR  warning  signs  should 
be  placed  alongany  routes  into  ffiearea.  The  rat^cf  control  dwuld  be  ^jecifiedas05,1.4,or  3.0km,  or  more,depemiing  upon 
fiwautomatKoontrois,tiussioniequirements,etc.,thatfinanyare^]ecifiedfDrthe^fstein.  ARACof2(HSO,HPOisa^{^ 
for  failure  to  comply  (this  RAC  applies  only  within  the  1.4-km  range).  The  hazard  severity  moves  to  m  between  1.4  and  3.0  km, 
tvith  higher  RAC  A  RAC  of  3  (l^III,  HP  O  is  asagrted  for  failure  to  comply  (between  a  range  of  1.4  to  3.0  km). 

(2)  The  foUoiving  ^redfic  recommendations  also  apjrfy  to  the  TMDCBR  and  affect  the  design  and  use  of  the 
system.  A  RAC  of  2  (HS 11,  hQ’O  is  assigned  for  failure  to  comply. 

(a)  Maintain  iruximum  control  of  all  areas  that  could  result  in  exposure  to  greater  than  5-times  the  PEL. 

(b)  The  antenrta  assembly  area  should  be  located  where  rqientlngpeisotmel  are  not  potentially  exposed  to 
the  radiating  field  within  a  range  of  1.4  km  (required)  and  3.0  km  (ideally). 

(c)  All  waveguide  should  be  interiocked  to  {nevent  <^)eration  of  the  transmitter  without  all  waveguide  in 
place  and  in  good  operating  condition. 

(3)  SINCGARS,  JTIDS,  JSTARS.  Warn  perscmtwl  to  avoid  physical  contact  with  the  vehicular  anteiuias  of  these 
radio  sets.  A  RAC  of  5  (HS IV,  HP  O  is  assigited  for  failure  to  comply. 

e.  Acoustical  energy. 

(1)  Steady-state  noise. 

(a)  Use  Categopr  D,  MIL-STD-1474C,  (<85  dBA)  as  the  design  goal  forTHAAD  steady-state  noise  at  normal 
operator  positions.  No  RAC  is  required. 

(b)  Measure  the  steady-state  n<nselevdsa»ociated  with  the  THAAD  at  the  operator's  position,  as  outlined 
in  MIL-STD-1474C  (reference  32),  and  provide  a  training  scenario.  No  RAC  can  be  assigned  at  this  time. 

(2)  Impulse  noise. 

(a)  Use  140dBP,Curve  W,MIL-S'l  L>-1474C,astheinitia]  design  goat  lfthel40dBPIevelisunattainaUe,then 
use  the  a}q>Iicable  limits  for  personrid  using  HPO's.  No  RAC  can  be  assigned  at  this  time. 

(b)  If  the  AFE5  used  in  Army  tactical  vdiides  is  employed  on  the  THAAD,  measure  the  distances  from  the 
nozzle  locafions  to  the  peisonnd  positions,  and  provide  a  training  scenario.  NoRACcanbeassignedatthistime. 

(c)  IftheAFEScurrenlly  in  useontactica}  vehicles  is  not  used  on  theTHAAD,  then  measure  the  noise  kvds 
associated  with  the  THAAD  AFE5  at  the  opentor  positkms,  as  outlined  in  MIL-STD-1474C  (reference  32),  and  provide  a 
training  scenario.  No  RAC  can  be  asngned  at  this  time. 

7.  Preparer  Identifkation.  This  IHHAR  was  completed  by  the  USAEHA,  Aberdeen  Pn>vingGround,MD  21010-5422, 
July  1991.  The  p«nt  of  contact  in  the  Directorate  of  Occupational  and  EnvironmenUl  Health  b  the  Health  Hazard 
Assessment  Office,  DSN  584-2925. 
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INTRODUCTION 


OccupatKHial  health  prafessionalsinusf  understand 
both  the  auditory  effects  of  n(^  and  the  proper  ad¬ 
ministration  aitd  philosophy  of  the  US.  Army's  Hear¬ 
ing  Conservation  Program  to  protect  personnel  from 
noise-induced  hearing  loss. 

Casual  observers  of  auditory  physiology  atKl  hear¬ 
ing  sdertce  assume  that  die  effects  noise  oi^  the 
auditory  system  are  understood.  Unfortunaidy, 
this  is  f»  horn  tiie  truth  because  the  auditory  media- 
nism  is  startlingly  complex.  Advances  in  medical 
technology  arc  only  now  alloiving  us  to  elucidate  the 
morirfiok)^  and  the  fiinctkm  of  the  structures  of  the 
nonnalear.  Theoriesontheetiologyofnoise-induced 
auditory  damage  are  continually  evdved  and  rede¬ 
fined  as  anatomical  examination  and  elcctrophysi* 
dogkal-measurement  tediniques  of  audittny  struc¬ 
tures  improve  F(H’example,ourunderstandingofthe 
cfiects  noise  <hi  hair  cdl  stereocilia,  hair  syn¬ 
apses,  the  cochlear  vascular  supfdy,  and  the  centra! 
auditory  pathways  are  stQl  emerging.’  Nuances  re¬ 
garding  noise-induced  hearing  loss  diat  are  not  yet 
understood  ate  more  numstous  than  the  concepts  that 
areuniveTsallyaccepted.  DetadsottheunknowTewill 
not  influence  a  practicing  physidan's  ability  to  iden¬ 
tify  or  treat  a  cliriicalliearing  loss.  Yet,  an  understand¬ 
ing  of  the  facts  should  greatly  assist  the  physician  in 
theevahiation  of  cochlear  functkmfoUowingasddier's 
or  woricer'sexposure to  high-intensity  {ie,loud)sound. 
The  physidan's  diiucal  tool  is  the  audiogram,  which 
depicts  the  hearing  ability  of  the  examinee  in  frequen¬ 
cies  (measured  in  hertz  (Hz])  and  intendties  (mea¬ 
sured  in  dedbd  [dB]  hearing  thrshdd  levds  (HTLI). 

Preserving  a  ptiscm's  al^ty  to  hear  low-intensity 
(ie,soft)scundsorspeedion  thebattlefidd  isof  utmost 
importaiKe  to  the  fighting  effidency  and  safety  of 
soldiers: 


When  you  prepare  to  fight,  you  must  prepare  to  talk. 
Youmustlc^thati^wechwfflhelpsaveyoursitiutkm. 
You  must  be  alert  at  an  times  to  let  odwfs  know  what  is 
happenii^toyou.  You  must  use  your  brain  and  your 
voice  any  time  that  any  word  of  yours  win  hdp  you  or 
others.  You  ere  a  tactkal  unit  aind  you  must  tlfink  of 
yoursdfthatway.  Don'tbytowinawarorcaptureahin 
anbyyoursdf.  Your  action  alone  means  nofiiing,  or  at 
best,  very  nttle.  Itisivhenyoutanctoodiersandthmidn 
wifi)  you  that  your  action  becomes  hnportwt’*'”^ 

But,  as  is  often  the  case,  while  the  soldier'sability  to 
^)eak  on  the  baitlefidd  is  recognized,  the  seocmd  half 
c^  the  communication  equation — die  ability  to  hear— 
isnot  Sensitive  heating  caiuxrt  be  taken  for  grarited  in 
thearmy.  Good  hearii^  is  particulaify  important  when 
vision  is  limited— in  sentry  du^  and  night  patidls— or 
during  comtmmication  over  tioi^  electronic  systems. 

Hazardous  noise  pervades  the  military  environ¬ 
ment;  a  soldier's  ability  to  hear  can  be  assaulted  and 
damaged  pennanenUy  even  before  bask  training  is 
completed.  Most  imise-induced  hearing  loss  occurs 
durii^  routine  tramingexerdsesandthereforeshould  be 
almost  oompletdy  preventable^  The  need  to  conserve 
hearing  b  eqpedalfy  important  during  practice  and  test 
firings  for  sddiers  who  soon  afterwards  must  rdy  on 
their  hearing  to  detect  the  enemy  and  to  perform  other 
communication  requirements  erf  the  mission.  The 
increaring  demand  for  weapons  ^sterns  with  greater 
speed,  range,  and  firepower  cmifounds  the  problem 
with  higher  and  more-liazaidous  noise  intensities. 

In  addition,  military-industrial  opoations  (which 
may  include  the  manufacturing,  maintenance,  and 
testing  of  military  ordnance)  can  also  indude  noise 
hazards  forbodimilitaxy  and  civilian  personnd.  Eecept 
forIarge'Ca!iberweaponstesiing,mostmi]itaiy-indus- 
tiial  activities  have  counterparts  in  die  private  sector. 


AUDITORY  SENSATION 


The  transmission  of  sound  through  the  ear  (Rgure 
7-1)  involves  a  series  of  energy  converrions.  When 
sound  waves  enter  the  ear  canal,  the  tympanic  mem¬ 
brane  b  set  into  vibration.  At  thb  point,  acoustic 
energy  b  cmiverted  into  medianical  energy.  The  vi¬ 
brations  of  the  tympanic  monbrane  are  then  trans- 
fOTed  Utiou^  the  ossicular  chain  of  the  middle  ear  to 
theinnerear.  The  process  of  articulation  between  the 
tympanic  membrane,  the  maSeus,  the  incus,  and  the 


stapes  converts  mediankal  energy  into  hydraulic  en¬ 
ergy.  Thefinalconverricmofenergyoccursatthelevd 
of  die  receptOT  cells  of  hearing,  the  hair  cells,  wdth  the 
rdeaseof  Hie  neurotransmitter  substances  that  initiate 
a  chem  /electrical  dectrical  impulse. 

A  br.ief  review  of  auditory  anatomy,  which  empha¬ 
size*:!  the  iiuier  ear  «md  cochlmmedianks,  will  help  to 
familiarize  readers  with  the  cmn{^  mechanisms  of 
auditory  injury. 
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Nohe  and  the  Impairmmt  of  Hearing 


Anditoiy  Anatony 

The  cochlea,  or  inner  ear  (Hgure  7-2),  a  fluid-filled 
medium  that  measures  approximately  1  cm  wide  and 
5  mm  long  in  humans,  has  2.75  turns.  Itisseparated 
into  three  channels  by  die  bony  labyrinth,  the  basilar 
membrane,  and  the  Reissner  membrane.  The  upper¬ 
most  channd— the  scala  vestibuli— amd  the  lower¬ 
most  channd—fliescala  bnnpaiu—aiefilkd  withperi- 
lymph,  a  fluid  with  a  high  concentration  of  saihun 
and  a  low  ocmcentrafion  of  potassium.  Perilymi^ 
resembles  rnmnal  extracellular  fluid  in  composition 
and  is  near  ground  electrical  potential  The  medial 
diannel— the  scala  media,  also  known  as  the  codilear 
duct— is  located  between  the  basilar  and  the  Reissner 
membranes.  This  channel  is  filled  with  endofymph,  a 
fluid  with  high  potasaum  and  low  sodium  concoitra- 
tions.  Enddymfdi  resembles  intracdlular  fluid  and 
has  a  poative  electrical  potential  Within  die  scala 
media,  the  organ  of  Corti  tests  on  the  basilar  mem¬ 
brane.  Thestria  vascularis,ahighly  vascularizedlayer 
of  tissue,  lines  the  outer  wall  of  flte  cochlea  (on  the 
surfoce  of  the  ^nral  ligament)  and  has  a  significant 
function  in  the  production  of  endotymph. 


The  organ  of  Corti,  which  contains  the  hair  cells, 
supporting  cells,  and  neural  corrections,  is  the  key 
organofheuing.  Itomtainsonerowofapproximatdy 
3,400  iimer  hair  cells,  and  three  to  five  rows  of  outer 
hair  cells  totaling  approximately  13,400  outer  hair 
cells.^  Cilia  on  the  hah  cells  ate  arranged  in  visually 
distinct  patterns  (Figure  7-3):  those  on  the  inner  hair 
ceQs  form  a  nearly  straight  row  (Rgure  7-4),  and  those 
on  the  outer  hair  cells  forma  W-shaped  pattern  (Rguic 
7-5).  Thelra^ciliaonflieouterhaircdlsateendiedded 
firmly  in  die  tectorial  membrane,  while  flte  cilia  on  the 
inner  hair  edk  are  not  embedded  and  may  only  attach 
loosdy  to  the  undersurface  of  the  tectorial  membrane^ 
The  codilea  is  innervated  by  both  afferent  and 
eflarent  neural  fibers.  Humans  have  approximatdy 
18X100  codilear  aflerent  fibers;  95%  of  thm  innervate 
the  inner  hair  cells  and  only  5%  innervate  the  more 
numerous  outer  hair  cdls.  The  inner  hair  odls  have  a 
divergent  innervatkm  pattern,  in  whidi  eadi  inner 
hair  cdl  is  innervated  by  many  fibers.  Theouterhair 
cells  have  a  convergent  system,  in  whidi  one  nerve 
fiber  innervates  many  outer  hair  cells.  Thecdlmor' 
phdogy,  neural  innervaticn,  and  auditory  functions 
of  inner  and  outer  hair  cdls  are  quite  diffdent  In 


1^  7-3.  A  scaiming-dectinn  mkrograph  of  the  upper  surface  of  the  otgan  of  Corti  ivith  the  tectorial  membrane  removed. 
There  are  three  rows  of  outer  hah  telk  and  one  row  of  inner  hah  cdk  Reprinted  with  permission  from  ndclcs  )0.  An 
tnlndueiiott  to  the  Physiology  of  Hearing.  New  York:  Academic  Press;  1982,  ©  1982,  AcadenUc  Press,  Ortaixlo,  Fla. 
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Fill.  7-4.  Tht'  on  tho  inntT  h.iir  coils  ^o^n  n  vistully  distinct  slmight  nnv.  Ki’printt'd  with  ponnission  fn>m  I’icklos 

JC>  An  Inlntiluiiiini  lothe  nitt'Wh>^v  of  Htvrtii};.  Now  Y»»rk;  Acjdi*mic  I’ross;  IW2.  IWZ,  Academic  Press. Orlandiv  Fla. 


Fig.  7-5.  TIh’  sliTitKilia  on  outer  hair  colls  an*  snMlIor  and  (onn  a  visnally  distinct  "V"  or  "W"  configuration.  Photograph. 
Courtesy  of  ITimald  KoN'ilson,  Perth.  Australia. 
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general,  audiologists  bdkve  that  the  outer  hair  cdls' 
activities  are  summed  together  to  provide  increased 
auditeny  sen»tivity,  while  the  inner  hair  cells' activi¬ 
ties  pro^e  fine  discrimination. 

Coddear  Medianics 

Medianical  movement  of  the  stapes  at  the  oval 
window  createsafiuid-fnessurewavein  the  inner  ear, 
and  the  round  window  of  the  scala  tympani  ads  as  the 
rdease  outlet  for  the  pressure  wave.  ‘seliquidis 

an  incompressible  medium,  this  dichotony  of  the  oval 
and  rouiKl  windows  allows  a  pressure  wave  to  dis¬ 
place  the  basilar  membrane.  The  locatkm  and  ampli¬ 
tude  of  this  displacement  depend  on  the  ^>ectral  com¬ 
ponents  (ie,  the  frequency  and  the  intensty  a»n- 
binations)  of  the  stimulus. 

The  pressure  %vave  creates  movement  of  the  organ 
of  G>tti  on  the  basilar  membrane  witfi  respect  to  foe 
tectorial  membrane.  Because  the  tectorial  membrane 
is  aitdiored  differently  than  foe  basilar  memterane,  a 
shearing  motion  is  created  between  foe  twostructures 
(tectorial  membrane  and  the  organ  of  (3orti),  which 
results  in  the  medianical  di^rlacemsnt  of  hair  cdl  cilia 
(Rgure  7-6).  The  movement  of  the  alia  alters  foe 


electrical  reastance  of  the  hair  ceU  membrane:  the 
resulting  ion  current  flow  through  foe  membrane 
changes  the  resting  voltage  of  the  hair  cdL  Themove- 
mentctffoedliainitiatesfoereleasectfneuiotiansmit- 
tersubstanceatthebaseoffoereceptorediand  prompts 
the  neuroelectrical  transmission  of  the  signal 
Theauditocy  system  analyzeslowfrequendesffoose 
below  1500  Hz)  and  high  frequencies  (those  above 
1500Hz)difierently(Hgure7-7).  During  sound  stimit- 
lation,  the  frecjuency  foe  stimulus  determines  the 
ateof  maximal  disfdaceinaitoffoebaalar  membrane 
High  frequencies  stimulate  foe  basal  portion  of  the 
basilar  meaihrane  nearest  foe  oval  window,  with  rap¬ 
idly  decayii^  displacement  Thehigherthefrequency, 
the  closer  foe  hair  cell  receptors  to  the  oval  window. 
Low-frecjuencysoundscausewiderareasofdi^dace- 
ment  and  stimulate  a  much  larger  area  of  the  cochlea; 
maximumciisplacementofthelNedlarmembranecx;- 
curs  at  its  apk^  (upper)  end.  Physical  characteristics 
of  the  basihu*  mendmme,  most  notably  its  increased 
width  and  reduced  stifoness  at  the  apiral  end,  deter¬ 
mine  the  resonant  properties  of  the  basilar  membrane 
The  frequency-dependent  points  of  maximum  dis- 
placementate^  t^basUarmembraneare  dictated  tw 
these  physical  characteristics. 


F%.  7-i.  Rdationslup  between  the  tectorial  membrane  and 
cilia  of  outo’ hair  c^s.  At  rest,  (knver  ilhistntion)  the  cilia 
stand  perpendicular  to  the  tectorial  membrane  surfKe  of 
the  oriL  When  pressure  waves  move  the  basOar  membrane, 
a  shearing  foin  acts  to  alter  the  ai^  of  the  cilia  wifo 
respect  to  the  tectorial  membrane.  Note  thatdlia  of  foeinner 
hair  cdk  are  shown  to  bend,  not  because  of  their  tectorial 
membrane  attachment,  but  because  of  fluid  motion.  Re¬ 
printed  %vifo  permission  from  DaDos  P,  Ryan  A.  Physiology 
of  the  iimer  ear.-  In:  Northern  JL,  ed.  Hearing  Disorders. 
Boston:  Utde,  Brown:  1976: 95. 
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J.  SOUND  v/avES 
IaiPinGE  On 
Ea*  drum. 
Causing  it 
TO  vibrate 


2.  OSStClES 
vibrate  as 
A  unit 


3.  stapes 
MOVES  IN 
AND  OUT 
Of  ovAi 
SVJNCOV,' 


4.  SOUND  Waves 
TRANi/.uTTEO 
UP  SCAtA 
VESIISUU  IN 
medium  Of 
ITS  contained 
PERUY/aPH 


5  SHORT  waves  IHIGH 
IPEOUENCV.  HIGH  PITCH) 
ACT  AT  BASF  Of  COCHIEA 


lONG  WAVES  IIOV/ 
fREOUENCY,  tow  PITCH) 
ACT  at  apex  of  COCHIEA 


DISTORT  RElSSNER  S 
ME/ABRANE  and  BASHAR 
MEfABRANE  Of  COCMIEAR 
DUCT  AND  IIS  CONTAINED 
ORGAN  OF  CORTI,  THUS 
STIMUlATING  HAIR 
CEUS  WHICH  ARE  IN 
CONTACT  V/ITH  THE 

tectoriat  membrane. 
IMPUISES  THEN  PASS 
OP  COCHlcAR  NERVE 


9,  l/.T»ACI  Of  wave 
O.N  A'.EATBRANE  Of 
ROUND  WINDOW 
CAUSES  If  TO  MOVf 
IN  and  OUT  AT 
ROUND  WINDOW  IN 
ORPOSlir  iiHAiE  TO 
OVAI  WINDOW 


7  V/AVFS  DESCEND 
SCaia  tympani 
MEDlU-'A  Of  ITS 
COntainfd 
PERiiYmPH 


6  WAVE  TRANS/.UTIEO 
ACROSS  COCMIEAR  DUCT 
IN  MEOaWA  Of  INOOIYMPH, 
FROM  SCAIA  VESTiBUU  TO 
SCaia  TymPani  inOTE; 
WAVES  MAY  Also  TRaVEI 
around  HEUCOTREATA 
AT  APEX  Of  COCHlfAI 


F%.  7-7.  Tiansmisskm  of  sound  waves  through  the  codilea.  Reprinted  %vilh  permission  from  Otologic  diagnosb  and 
treatment  of  deafness,  ainkol  Synposia.  I87tfc22(2):42.  Slide  1163.  West  CaldrwdJ,  NJ:  OBA-GEIGY. 
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Noise  and  the  Impeirmenl  (^Hearing 


HEARING  LOSS  AND  AUDITORY  DAMAGE 


Theauditorysyste«,aithoughsomewhatsheltered 
anatomically  under  the  temptnal  b(me  at  the  base  of 
the  skull,  is  not  immune  to  environmental  hazards. 
Prolonged  or  intense  exposure  to  nc^  can  be  detri¬ 
mental  to  the  auditory  system. 

Audunncfric  Threshold  Shifts 

Nc^  alters  auditory  structure  and  fimctitm  and 
.causes  a  subsequent  l<»s  hearing  sensitivity  known 
generally  as  a  noise-induced  hearing  loss.  Theefiiects 
maybetemporaryorpermartent  iypicaliy,anaudio- 
metric  threshold  (ie,  the  intensity;  mea^ired  in  dR 
HTL,  at  whidr  a  human  can  just  detect  a  specific 
frequency)  is  measured  botlt  before  and  after  an  expo¬ 
sure  to  nmse,  and  any  measured  difference  in  hearing 
sensitivity  is  referred  to  as  a  tfireshdkl  shift  If  the 
threshold  measured  after  noise  exposure  recovers  to 
its  pteexposure  sensitivity,  the  loss  is  referred  to  as  a 
noisemduced  temporary  threshold  shift  (TTS).  If  the 
postexposure  sensitivity  of  the  threshold  does  not 
fully  recover  to  its  preexposure  level,  the  loss  is  re- 
fen^  to  as  a  iKHse-induced  permanent  threshold  shift 
(PTS). 

For  years,  audiologists  have  known  that  a  relation¬ 
ship  exists  between  tlwaudiometrkfiequeiKy  of  tmise 
aiKl  theresulting  fiequency  of  themaximum  threshold 
shift.  For  high-intensity,  pure-tone  exposures,  fite 
greatest  dueshold  shift  is  most  often  demonstrated  at 
a  fiequency  one-half  to  one  octave  { ie,  one-half  to  one 
doubling  of  the  observed  fiequency)  above  the  fre¬ 
quency  of  the  noise.  Fm  example,  a  mnse  at  2500  Hz 
would  produce  an  audiometrk  shift  at  4000  Hz.  For 
broad-band  noise  with  equal  energy  inallband  widths, 
however,  the  maximum  threshold  shift  occurs  be¬ 
tween  3000  and  6000  Hz.  Inmaiiunals,thisphenom- 
eiton  is  explained  by  both  codilear  medianks  and  dte 
location  and  nuudmum  amplitude  of  the  vibration  of 
thepartition(ie,thebaalarmembratreand  the  organ  of 
Corti).  Gxhlear  partitkm  vibration  patterns  do  not 
UKreaselmeariy  with  the  amplitude  of  thesound  wave 
at  all  frequencies.  As  the  sound-wave  amplitude  (the 
intend  of  the  noise)  becomes  greater,  tte  vibration 
beconres  less  localized  and  moves  toward  the  basal 
portion  of  thecoch]ea.*Tlus  vibration  damagesa  locus 
of  the  ooddear  partition  that  is  mme  basal  than  the 
stimulating  frequeiKy,  and  causes  a  subsequent  au¬ 
diometric  loss  at  a  fiequency  higher  than  that  of  the 
insulting  noise. 


Influence  of  fee  Oulcrand  Middle  Eaw  on  Hearing  Low 

Although  most  discussions  of  noise-induced  hear¬ 
ing  loss  focus  on  the  damage  that  occurs  in  the  inner 
ear,  the  outer  arkl  middle  ears  also  play  roles  in  iKnse- 
irtduced  hearing  loss.^  Thedraracteristksrrftheoiiter 
ear  create  frequency  enhancement  and  those  of 
the  middle  ear  create  fiequency  selectivity.  These 
two  mechanisms  help  to  explain  why  ncnse-mduced 
hearing  loss  is  so  often  found  at  3000  to  4000  Hz, 
whidi  audiologists  describe  as  a  classic  "notch'^  cm 
the  audiogram. 

The  resonant  (haractmstks  of  the  ear  canal,  whkh 
are  determined  by  its  length  and  volume,  enhattce 
fiequetKy  in  the  following  way:  at  2500  to  3500  Hz, 
whkhistheearcanal'srescmantfiequeiKy,thesound- 
l»essurelevd(dB9*L)(ie,  the  variatkmof  air  pressure 
due  to  a  disturbance  in  the  acoustic  range)  Is  increased 
at  the  eardnun  by  15  to  20  dB  compared  to  fee  dB  SPL 
at  fee  ear  canal's  entnmce  (Figure  7-8).'  Thus,  the 
resonatKe  of  the  ear  canal  provides  a  high-fiequeiKy 
boost  ctf  energy  that  effectivety  changes  the  spectral 
compoitents  of  any  sound  feat  enters  it  Duetoco- 
dilev  mechanics,  an  audunnetric  feieshcM  loss  oc¬ 
curs  one-half  to  oite  octave  above  fee  frequency  of  the 
insulting  noise;  therefore,  an  energy  bo^  at  2500  to 
3500  Hz  and  a  resulting  threshold  1^  at 3000  to  6000 
Hz  is  consistent  wife  this  principle. 

By  comparison,  fee  middle  ear  iifeetentty  discrimi¬ 
nates  against  certain  fiequeturks.  The  transfer  func¬ 
tions  of  fee  middie  ear  allow  fee  mid-  to  high-fie- 
queiKy  sounds  (defined  here  as  those  between  1500 
and  4000  Hz)  to  pass  through  it  mcnre  efficiently  than 
fee  low-fiequeiKy  sounds,  wife  the  fow-firequeniy 
sounds  readiing  fee  inner  ear  at  a  reduced  intend 
(rdative  to  their  intenaty  when  they  entered  the  ear 
canal).  ThisallowssoundsatfiequetKiesgreaterfean 
1000  Hz  to  be  tran^erred  to  fee  inner  ear  more  easily. 
The  phyacal  alteiatkm  of  sound  before  it  reaches  the 
iimer  ear  is  cmly  partially  le^fxmsible  for  different 
ncMse  spectra  that  yidd  identical  audiometrk  configu¬ 
rations,  wife  hearing  losses  first  measured  at  3000  to 
4000  Hz. 

The  middle  ear  contains  two  muscies,  the  stapedius 
and  fee  tensor  tympani,  which  ocmtiact  reflexi^y  in 
leqxmse  to  sound.  Eariy  theories  on  the  fimctkms  of 
fec^  musdes  purported  that  this  acoustic  reflex  pro¬ 
tects  feeearfixnn  loud  sounds,because  when  ther^ex 
occurs,  the  middle  ear  is  stiftiened  and  becomes  a  less 
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Fig.  7-<.  Curve  A:  Re^xMise  chancteristics  of  the  auditoty 
system.  Aminimumaudibility  curve  has  been  inverted  as  if 
a  frequency-rr^msecurveh^  been  "run"  on  theauditory 
system  (actual  thieslxrfds.  in  dB  SPL  re2  x  IB'^N/m^.are 
^wn  on  the  right  for  reference).  Curve  B:  A  %veighted 
re^xmse  curve  for  souitd-level  measuremenL  Curve  C 
Sound  pressure  appearing  at  the  eardrum  as  a  function  of 
the  pressure  in  the  sound  field.  Reprinted  foom  Durrant  JD. 
Atutomkal  and  physiologiccorrelates  of  the  effects  of  noise 
on  hearing.  In:  Lipscomb  DM,  ed.  Noise  and  Audiology. 
Baltimore:  University  Park  Press;  1978  (out  of  print).  Photo¬ 
graph:  Courtesy  of  John  D.  Durrant,  Philadelphia,  Peiux 


effective  transmisnonsystem.  Historically,  thistheory 
has  been  criticized  fOT  the  following  rrasons; 

•  Theieflex  response  fatigues  rapidly,  making  it 
ineffective  for  continuous  sounds. 

•  The  muscle  action  is  too  slow  (50-109  msec 
ffenn  lateiKy  to  activation)  for  impulse  sounds. 

•  Thereflexprovidesprotectionotilyatffequen- 
cies  bdow  KXX)  to  1500  Hz. 

•  The  reduction  of  souitd  transmission  is  too 
small  to  have  a  protective  effect 

The  protective  role  of  the  muscles  of  the  middle  ear 
remains  uncertain.  Real-world  stimuli,  such  as  inter¬ 
mittent  twise  in  a  factory,  may  neutralize  seme  of  the 
above  critkisins  of  reflex  proteetkm.  For  example,  a 
noise  may  be  of  such  short  duration  ffiat  fl«e  fat^jue  fac¬ 
tor  is  rendered  moot  Individual  variability  ocitainly 
exists  in  die  degree  of  reflexive  response.  Numerous 
scientific  papers  discuss  the  relationship  of  the  acous¬ 
tic  reflex  to  noise-induced  hearing]oss;protnising  new 
findings  indicate  that  the  role  of  the  rdlex  in  h^mg 
may  be  more  critical  than  was  previously  thought**” 


Distinction  Between  Noise-Induced  Hearing  Loss 
and  Acoustic  Tiaruna 

Current  literature  on  damage  to  the  cochlear 
structures  is  separated  into  distinct  categories:  noise- 
induced  hearing  loss  and  acoustic  trauma.  These 
categories  may  seem  to  be  a  contradiction  in  terms 
because  acoustic  trauma  produces  noise-induced 
hearing  loss.  However,anundetstandingoftheana- 
tomkal  consequeiKes  of  the  two  shows  that  the  types 
of  injury  are  quite  different 

Naise-itidu^  hearing  loss  refers  specifically  to  an 
injury  that  is  caused  by  repeated  exposures  to  moder¬ 
ate- or  high-intensity  rxnse.  The  noise  may  initially 
cause  only  a  TT5,  but  at  some  pemt,  the  injury  may 
becomeaPIB.  This  type  rtf  hea^g  loss,  regiuxlkss  of 
thefiequetKyofthermsethatcauseditusuallybegins 
audioinetricallyatSOCX)  to  6(X)0  Hz  and  spreads  toboth 
higher  and  lower  fiequenctes.  Themodeofdestruc- 
tkm  is  more  subtle,  and  the  auditory  effects  evrdve 
more  slowly,  than  with  acoustic  trauma.  Pathological 
dianges  may  include  (a)  damage  to  intracellular  struc¬ 
tures  and  to  file  cilia  of  the  receptor  cells,  (b)  swelling 
of  the  nerve  endings,  (c)changes  in  vascular  pafliways, 
(d)  biodiemkal  changes  in  the  codilea,  and  (e)  cell 
damage  to  the  lateral  wall  of  the  cochlea  in  the  stria 
vascularis  and  spiral  ligament 

Damage  to  areas  other  than  the  receptor  cells  is 
usually  found  only  when  hair  cell  loss  is  almost  com 
plete.  Afterthehaircellsareinjured,neuraldegenera- 
tkm  will  appear.  Some  similar  pathological  injuries 
appear  in  both  structures  (Figures  7-9  through  7-12). 

Much  of  the  research  on  theauditory  effects  crfnoise 
has  focused  on  the  auditory  periphery  (ie,  all  the 
anatmnkal  structures  of  the  auditory  system  exclud¬ 
ing  the  cerebral  cortices  and  the  brainstem).  The 
central  nervous  system  (CNS)  response  to  noise  in¬ 
sult— or  to  any  ty^  of  damage  in  die  aud  itory  periph¬ 
ery— is  still  being  investigated.  Knowledge  of  the 
effects  of  hazardous  noise  on  045  function  is  expand¬ 
ing  rapidly  and  new  information  on  neural-feedback 
tystems  to  the  ear  and  how  to  protect  it  from  acoustic 
overstimulatkm  is  forthcoming. 

Acoustic  trauma  refers  to  injury  that  is  caused  by 
impulse  or  impact  sounds  of  short  duration  and  high 
intensity,  whidi  produce  inunediate,  permanent  hew¬ 
ing  loss.  The  mi^e  is  medutnka].  All  structures 
the  ear  are  vulneraUe  to  mechanical  damage#  but  the 
most  susceptible  is  the  organ  of  Corti.  Mechanical 
trauma  to  t^  auditory  tystem  usually  consists  of  both 
PIS  and  TIS  components,  but  some  audiometric  re¬ 
covery  (of  the  ITS  component)  may  occur  over  a 
period  of  wedcs.  The  acdiometric  ffequency  of  the 
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Fig.  7-4.  This  sctinning-i'iccJnin  micn)};raph  shows  ,i  piiflcm  often  sivn  in  K'nl  sttwixilM  t>f  an  outer  luir  cell  (arrows)  and  in 
sleretKilu  afttr  nioa-  se\  it.*  damage  from  pure-tone  stimuLition.  I’atches  t>f  damage  m.iy  evtend  ovtT  a  full  turn  of  the  avlilea. 
Keprinti-d  with  permissi.in  from  Hunter-DuvarIM,  Suzuki  M,  Mount  RI.  Anatomical  changes  in  theorgan  of  Corti  after  acoustic 
stimulation.  In.  I  lamemik  Kl’,  I  lenderson  D.SaIvi  K.eds.  iVi7('/*<7sp*.  inx'^ottNt'L'*-  liultn  cd/foimic/iv.s.  Ni>w>ork;  Raven  I  V«ss  1*^ 


Fig.  7-10.  Scanning-oKvIron  micrograph  of  the  ciKhlea  at  a  ,l.0(!()-f»ild  magnifu  alion  about  1 S  mm  from  its  bast*  in  a  guinea 
pig  expos^^^  to  impulse  noise.  Se\  oral  outer  hair  eells  in  the  third  nnv  are  missing.  T\\  o  hair  cells  (arrows)  ha\  e  missing  hair 
bundles.  Reprintwl  with  permission  from  Nilsson  I*.  Frlandy.m  1),  ilakanson  H.  l\arsM»n  A.\Vers,ilI ).  Anatomualchanges 
in  theciKhlea  of  the  guinea  pig  billowing  industrial  exposure.  In.  I  lamernik  RI’,  I  lenderson  D.Silvi  R.txls.  Sr.v  /’(-.'s;vt  UiY> 
hi;  Noi-k’-hiiUimi  //•■sir/iig  h>".  New  York:  Raven  Press:  l‘tS2. 
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Fig.  7-11.  Thi^  •^-.mning-okvtrun  micnigmph  shows  an  .irm  of  disniplisj  cilia  »tf  outer  hair  celts  after  aioustic  utimulation. 
Thepmvimity  of  the  cells  hasallowed  thecilia  on  adjacent  cells  tocollide  (arrows).  Kepnnted  with  permission  from  I  hinter- 
IJuvar  IM,  Suzuki  M,  Mount  Rj.  Anatomical  changes  in  the  organ  ot  Corti  after  acoustic  stimulation.  In;  Hamemik  KI’. 
Henderstin  I).  S.ilvi  K.  i-ds.  iVcic  /’<T.s/'Ci  /;a’.'  on  Noi^e  lmiueeil  Heorin^  To.-:..  .\ew  ^'ork:  Raven  I’rc'ss;  l‘)S2. 


Fig.  7-12.  Scanning-elivtron  micrograph  of  heni  and  fiis<\l  sfercxicilia  on  inner  hair  cells.  ReprintcM  \\  ith  pc’nviission  trom 
Hunter-DuvarlM,  Suzuki  M,  Mount  R).  Anatomical  changes  in  the  organ  ol  Corti  atter  acoustic  stimulation.  In.  tiamemik 
KI’,  I  lenderson  I).  S.ilvi  R.  c\ls.  Xnr  I’er-ivetht''  on  Xoi^i-  liuUned  Heorin^  /,i>sn.  New  1  ork.  Raven  I’rc'ss,  |‘»S2. 
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heatinglossmayvaryamongindividuals.  Weaponsfire 
ntay  cause  an  asymnKtrical  high-frequency  hearing  loss 
that  is  due  to  the  protective  "head  shadow  effect"  (ie, 
protection  abided  the  right  ear  by  the  shooter's  own 
headandshoulder).  Fcxrexample.theheaiinglosswouid 
be  worse  in  the  left  ear  for  right-handed  shooters.  An 


asynunetiical  hearing  loss  is  also  not  unusual  after  expo- 
suretothenoiseofanexplosion.  Thereisagreaterchance 
that  the  audiometiic  configuration  after  this  type  of 
injiuy  may  be  flatter;  the  pressure  wave  from  an  explo¬ 
sion  may  also  damage  tlK  middle  ear  and  add  a  tow- 
ftequerxy  component  to  the  hearing  loss. 


MECHANISMS  OF  AUDITORY  INJURY 


The  major  mechanisms  of  auditory  injury  are  me¬ 
chanical  and  metabolic.  Vascular  injury  may  also 
occur  following  noise  exposure,  but  a  spedftc  injury 
mechaiusm  has  not  yet  b^n  determined. 

Mechaiucaldainage,in  which  noiseoverstimulation 
directly  injures  cocldear  structures,  is  caused  by  in¬ 
tense  noise  of  rapid  onset  and  short  duration  and  its 
consequent  acoustic  trauma.  Excessive  force  on  the 
cochlear  partition  creates  excessive  stresses  and  dis¬ 
placement,  which  tear  and  disrupt  the  cochlear  struc¬ 
ture.  Mechaiucal  damage  can  include 

•  injuring  hair  cells  in  the  organ  of  Corti; 

•  tearing  the  entire  organ  of  Corti  away  from  the 
basilar  membrane  so  that  it  floats  within  the 
scala  media”'^- 

•  rupturing  the  basilar  membtane’**; 

•  rupturing  the  Rdssner  membrane,  which  al¬ 
lows  endolymph  and  perilymph  to  mix,  creat¬ 
ing  a  biochemical  environment  that  is  toxic  to 
the  receptor  cells'*; 

•  tearing  holes  in  the  reticular  lamina,  allowing 
endolymph  to  flow  into  the  organ  of  Corti'^; 

•  ripping  apart  tight  cell  juiKtions;  and 

•  swelling  and  degeneration  of  hair  cells,  nerve 
Abets,  and  nerve  endings  in  the  organ  of  Corti 
at  the  apical  and  basal  edges  of  the  lesion.'” 

Data  ftom  researchers  who  exposed  chinchillas  to 
blasts  demonstrate  great  variability  in  both  sensory 
cell  loss  aiKl  in  the  formation  of  scar  tissue.'*  Thisscar 
tissue  prevents  mixing  of  the  cochlear  fluids,  and 
therefore  prevents  additioiukl  sensmry  c^  loss. 

Metabolic  injury  is  manifested  iy  disruption  of 
internal  cell  processes.  Rather  than  the  intense  rtre- 
chaiucal  force  associated  with  impulse  noise,  this  type 
of  damage  is  more  often  associated  with  slow,  insidi¬ 
ous,  noise-induced  hearing  loss.  However,  metabolic 
damage  also  occurs  after  direct  mechaiucal  damage 
from  exposure  to  impulse  noise.'”  Characteristics  of 
metabolic  damage  include 

•  injury  to  hair  cells  and  af'^’i^t  dendrites; 

•  degeneration  of  scattereu  jensory  cells,  as  a 


resultof  daily  exposure,  withdamagemorelikdiy 
to  affect  outer  radier  than  inner  haft  cells;  and 

•  an  increase  in  the  number  of  damaged  sensory 
cells  with  increasing  noise  exposure. 

One  theory  attributed  hair  cell  damage  to  exhaus¬ 
tion  of  cytochenucal  or  enzymatic  materials  after  or 
duringexposuretorroise.^  Thisphysiochemkal  theory 
is  known  as  the  metabolic  echaustion  theory.^'  Nu¬ 
merous  reports  citeiheapparentreladonship  between 
auditory  damageandmetabolieexhaustion.  Morpho¬ 
logical  changes  in  haft  cell  structures  (spedftcally,  of 
mitochondria  and  of  the  endoplasmic  reticular  sys¬ 
tem)  suggest  that  deftdts  occur  in  fuel  utilization,  in 
protein  ^thesis,  and  in  energy  production.'  These 
metabolic  or  homeostatic  disruptions,  whether  they 
occur  independently  or  collectively,  are  considered  to 
result  from  exposure  to  excessive  noise:  enzyme  sys- 
terns  that  are  critical  to  these  processes  are  found  in 
noise-damaged  cellular  structures.'  Cellular  degen¬ 
eration  follows  severe  insults  of  this  type. 

The  metabolic  theory  of  damage  has  become  even 
more  pertinent  because  new  information  changed  our 
view  of  the  cochlea's  role  in  auditory  transduction.^ 
Previously,  the  cochlea  was  thought  to  be  a  passive 
analyzer  and  transducer  of  sound.  We  now  under¬ 
stand  that  the  cochlea  has  its  own  motile  properties 
and  partidpaies  in  an  active  transduction  process  that 
requires  energy  to  change  hair  ceil  and  stereodlia 
mechanical  properties  in  response  to  sound.  Because 
the  hair  cells  are  involved  actively  in  sound  transduc¬ 
tion  and  analysis,  the  metabolic  theory  of  damage  may 
have  greater  responsibility  for  the  injury  process  than 
was  previously  thought. 

The  auditory  system  has  two  independent  vascular 
supplies:  first,  a  dense  capillary  network,  the  stria 
vascularis,  which  lines  the  outer  wall  of  the  scala 
media,  and  second,  radiating  arterioles  that  serve  the 
organ  of  Corti.  The  stria  vascularis  influences  chemi¬ 
cal  and  oxygen  balances  to  maintain  endolymphatic 
metabolism,  while  the  radiating  arterioles  provide 
oxygen  to  the  organ  of  Corti  (Rgure  7-13). 

Regional  vascular  abnormalities  have  been  found 
after  exposure  to  excessive  noise.  The  vascular  theory 
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Jfig.  7-16.  SchecwSc  rvpresontation  of  a  cochlear  vessel  in 
which  subjectively  evaluated  vascular  parameters  are  de¬ 
picted.  Reprinted  with  permission  from  Axelsson  A,  Vertes 
D.  Kistotogical  hivdings  in  cochlea  vessels  after  noise.  In: 
Hamemik  RP,  Henderson  D,  Salvi  R,  eds.  New  Perspectives 
on  Noise-Inductd Hearing  Loss.  New  York:  Raven  Press;  1982. 


Girbogeii  {9Z%  oxygen  and  5%  carbon  dioxide),  rich  in 
oxygen  compared  toar-bientair,  was  inhaled  indiffer¬ 
ent  experimental  noise-exposure  paradigms  that  uti¬ 
lized  both  humans  and  chiiKhillas  as  subjects.  The 
assumptiem  was  that  increasing  the  oxygen  available 
to  the  coeWea  would  (a)  offeet  the  detrimental  effects 
of  the  vascular  changes  aird  (b)  render  the  cochlear 
structures  less  susceptible  to  the  hazards  of  noise. 
Both  post-  and  prestimulatory  carbogen  inhala¬ 
tion  decreased  ITS,  increa-sed  recovery  rate,  and,  in 
chinchillas,  decreased  sensory  cell  dainage.  These 
results  were  considered  preliminary,  although  appar¬ 
ently  little  follow-up  research  has  been  conducted  in 
this  ar«a 

Another  study  tested  the  drug  Dextran-40,  but  the 
evideiKe,althou^piomising,wasinconclusive'*  Dur¬ 


ing  the  1970s,  the  West  German  army  used  Dextfan-40 
to  treat  military  personnel  who  had  sustained  acoustic 
trauma.  Dextran-40  supposedly  increased  circulation 
to  the  cochlea,  and  thus  was  assumed  to  facilitate 
the  recovery  process.  While  the  reported  results  indi¬ 
cated  that  the  treatment  was  effective,  the  experimen¬ 
tal  design — the  selection  of  subjects  and  the  lack  of 
appropriate  controls — limited  the  application  of  the 
result.^’ 

Inner  and  Outer  Hair  Cell  Loss 

The  inner  and  outer  hair  cells  are  morphologically 
and  funttiorially  different  classes  of  cells.  Thetwocell 
types  differ  in  their  size,  shape,  cochlear  organization, 
cell-support  system,  stereocilia  pattern,  resting  poten¬ 
tial,  a:^  neural-innervation  pattern.  Their  respective 
rdes  in  audition  are  still  being  studied,  refined,  and 
changed. 

Early  cochlear  dissection  techniques  provided  in¬ 
formation  on  hair  cell  counts,  such  as  the  number  of 
inner  hair  cells  compared  to  the  number  of  outer  hair 
cells  that  remained  after  exposure  to  noise.  Today  we 
are  capable  of  more  extensively  analyzing  cochlear 
hair  for  their  qualitative  morphological  changes 

as  well  as  for  quantitative  changes  after  exposure  to 
noise.  Fbrexample,simplycountingthehaircelIsthat 
remain  after  exposure  to  noise  is  not  conclusive  be¬ 
cause  myriad  pathologies  may  exist  in  the  remaining 
hair  cells. 

It  is  still  generally  true  that,  following  exposure  to 
high-intensity  noise,  outer  hair  cell  loss  occurs  before 
inner  hair  cell  loss.  While  outer  hair  cells  are  more 
susceptible  to  damage  from  noise,  losing  timer  hair 
cells  causesmuch  greater  hearing  loss  thandoes  losing 
an  equal  number  of  outer  hair  cells.  Datafromexperi- 
ntents  with  chinchillas  show  that  exposures  to  impulse 
noise  may  produce  lesions  with  massive  outer  hair  cell 
loss  over  of  the  cochlea,  but  hearing  sensitivity 
losses  in  the  same  animals  seldom  exceed  40  dB.'*  The 
da  taalsoshowthat,  with  lesions  localized  to  the  middle 
of  the  cochlea,  hearing  thresholds  may  be  ivear  normal 
if  outer  hair  cell  loss  does  not  excesd  10%  to  30%.”  In 
both  instances,  researchers  found  that  the  inner  hair 
cells  appeared  quite  iK>rmal 

Mudi  of  the  susceptibility  of  the  outer  hair  wUs  can 
beexplainedby  twomechankal  factors:  first,  the  outer 
hair  cells  undergo  greater  displacement  due  to  their 
location  CHI  the  basilar  membrane,  and  second,  the  tips 
of  thestereodlia  of  the  outer  hair  cellsareembedded  in 
the  uiidersurface  of  the  tectorial  membrane,  which 
allows  more  direct,  mechanical  movement  and  conse- 
quentstress.  In  contrast,  the  dlio  of  the  inner  hair  cells 
are  netembedded  in  the  tectorial  membrane,  and  their 
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movement  occurs  not  from  mechanical  linkage  but 
ftom  eddy  current  through  the  endol)rmph. 

An  additional  htctor  ^t  may  play  a  role  in  this 
susceptibility  is  the  pattern  of  neural  innervation.  The 
outer  hair  cells  are  innervated  directly  by  efferent 
neuralhbers.  Although  theroleoftheefferent  fibers  is 
still  being  studied,  without  them,  the  susceptibility  of 
the  outer  hair  cells  may  be  even  greater. 

Outer  hair  cells  are  also  known  to  be  more  suscep¬ 
tible  to  ototoxic  drugs  than  are  inner  haircells,  so  the 
outer  hair  cells'  increased  susceptibility  to  noise  is 
probably  due  to  more  than  just  mechankal  or  neural 
factors.  Specific  metabolic  processes  ofouler  hair  cells 
tliat  differentiate  them  from  inner  hair  cells  appear  to 
bepartial]y,ifnotentirely,responsible,butthesemeta- 
boUc  processes  have  yet  to  be  delmeated. 

Siereodlia  and  Rootlet  Damage 

After  the  composition  and  structure  of  stereodlia 
were  identified,  researchers  investigated  morphologi¬ 
cal  changes  in  stereodlia  that  followed  exposure  to 
noise.^'^^Hair  cell  stereodlia  are  actin  filaments,  with 
crossbridges  betw'een  fOainents  providing  rigidity  to  the 
stereodlia.  The  movement  of  the  stereodlia  causes  ion 
flow  across  the  hair  cell  membrane  and  a  subsequent 
voltage  change:  this  is  thought  to  initiate  the  release  of 
the  neurotrarrsmitter  substaiKe.  The  stereodlia  are 
very  vulnerable  to  trauma  ftom  noise  and  may  repre¬ 
sent  the  weak  link  in  the  process  of  auditory  transduc¬ 
tion.  Electror  nicroscopic  studies  suggest  that  the 
rootlet  structures,  which  aiKhor  the  cUia  within  the 
hair  cell,  are  particulariy  susceptible  to  ttoise. 

When  PTS  and  ster^xilia  damage  are  correlated, 
most  FT5  can  be  directly  linked  to  stereodlia  damage. 
Following  acoustic  injury,  subcellular  stereodlia  pa¬ 
thology  can  be  found  on  hair  celb  that  other\^^ 
appear  to  be  normal.^  Permanent  damage  to  stereo¬ 
dlia  is  documented  in  numerous  studies  and  iiKludes 
disarray,  fusion,  loss  of  the  buiKlIe,  scarring  of  the 
bundles,  and  the  appsaraiKe  of  floppy,  giant,  elon¬ 
gated  stereodlia. 

Temporary  and  Permanent  Threshold  Shifts 

Noise  can  affect  hearing  either  temporarily  or  per¬ 
manently.  Repeated  TTS  will  presumably  lead  to  PTS, 
although  this  presumption  assume  that  individual 
susceptibility  to  TTS  and  PTS  are  similar.  EvideiKe 
from  controlled  laboratory  experiments  that  demon¬ 
strate  this  relationship  has  iK)t  yet  been  acquired, 
although  the  hypothesis  appears  logical 

TTS  studies  are  important  in  assessing  r>oise  .haz¬ 
ards.  Damage-riskeriteriaspedfynoise-exposure  lim¬ 


its  and  their  consequent  associated  risks.  These  crite¬ 
ria  are  based  predominantly  on  animal  experimenta¬ 
tion  in  which  damage,  possibly  TTS,  occurred  over  a 
period  of  days  to  weeks.  Real-world  noise  exposures 
experienced  by  humans  in  their  workplaces,  can  last 
for  40ormoreyearsand  produce  PTS.  inthedamage- 
risk  criteria  process,  TTS  measures  are  utilized  and 
those  resultsareextrapolated  to  PTS.  Three  postulates 
relating  TTS  and  PTS  weredeveloped  for  the  purposes 
of  defining  damage-risk  criteria: 

1.  TTS  2  minutes  after  exposure  is  a  consistent 
measure  of  the  effects  of  a  single  day's  noise 
exposure. 

Z  AU exposures thatproduceagivenTTS2mm- 
utes  after  exposure  are  equally  hazardous. 

3.  TTS  2  minutes  after  1  day's  exposure  is  ap¬ 
proximately  equal  to  PTS  after  10  or  more 
years'  exposure.^ 

The  correlation  of  TTSaitd  PTS  continues  toconcem 
researchers  in  auditory  sdeiKe.  The  time  constraints 
of  following  the  course  of  human  hearing  over  a  25-  to 
40-year  history  of  occupational  noise  exposure  seems 
to  ensure  that  studies  on  animals  and  TTS  measure¬ 
ments  will  continue  as  methods  of  auditory  research 
into  the  next  centuiy. 

New  information  is  providing  some  insight  into  the 
physiological  relationships  and  differences  between 
PTSandTTS.  ThebiologicalbasesofPTSarerelatively 
wdldefir»ed— stereodlia  damagewith  changes  in  root¬ 
let  structure  and  hair  cell  bodies—and  pathological 
conditions  of  stereodlia  probably  account  for  most 
PTS.*  Quitesimply,if  there  is  no  transduction  process 
at  the  level  of  the  sensory  cell  itself,  there  will  be  no 
response  to  auditory  stimuli. 

However,  the  biological  bases  of  reversible  TTS  are 
subtle  indeed’*  and  many  fttetors  may  be  responsible. 
Several  studies  suggest  that  rootlet  damage  to 
stereodlia  may  change  cochlear  mkronvcdtanics  aiu! 
berespoitsibleforTTS.  Subtlediangesinthestereodlia 
that  may  be  transient  in  nature,  sudi  as  initial  stifftiess 
or  disarray  of  the  stereodlia,  are  also  under  investiga¬ 
tion.  Some  potentially  reversible  factors  indude  vas¬ 
cular  changes,  metallic  exhaustion,  and  chemical 
dranges  in  the  hair  cells. 

Correlation  Between  the  Audiogram  and 
Histological  Dama^ 

A.-i  ‘.0.  gram  does  not  accurately  predict  dther 
coc*  ’  pathology  or  the  integrity  of  the  irmer  ear. 
Health  professkmals  who  are  responsible  for  identify- 
iirg  noise-induced  hearing  loss  rely  on  the  audiogram 
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for  determining  cochlear  damage,  but  they  generally 
do  not  understand  that  the  audiometric  configuration 
doesnot  completely  reflect  thecellular  condition  of  the 
cochlea.  There  may  be  considerable  cochlear  damage 
in  the  apical  region,  with  normal  hearing  registered  in 
the  low-ftequency  portion  of  an  audiogram.*^''’"*’  In 
fact,  it  is  probably  impossible  to  predict  the  complex 


pattern  of  cochlear  pathology  from  an  audiogram.*' 
The  fact  that  a  patient  can  hear  does  not  mean  that  the 
cochlea  is  not  damaged.  An  audiogram  will  provide 
the  physician  tvith  a  complete  picture  of  a  person's 
hearing  as  measured  by  an  audiometer,  but  physicians 
should  not  make  the  intuitive  leap  and  assume  that 
there  is  no  cochlear  pathology. 


suscEPTiBiury  to  noise-induced  hearing  loss 


For  years,  researchers  have  been  interested  in  the 
many  individual  differences  in  susceptibility  to  noise- 
itulucedhearingloss.  DemographicstudiesshowaSO- 
to^dB  variability  in  hearing  thieshold  shiftsamong 
individuals  withanidentical  history  of  industrialiMise 
exposure.*^**'  While  demographic  studies  are  limited 
in  their  reconstruction  of  individuals'  complete  audi¬ 
tory  histories,  the  variation  in  susceptibility  to  noise- 
induced  hearing  loss  is  nonetheless  astounding.  A 
number  o.^  anatomical  factors  may  contribute  to  this 
variability,  such  as  qualities  of  tympanic  membranes, 
individual  differences  in  the  contours  of  ear  canals, 
middle  ear  characteristics,  and  the  sensitivity  of  the 
muscles  of  the  middle  ear.  However,  these  factors 
alone  do  not  account  for  the  magnitude  of  variability. 

Until  this  variability  is  well  understood,  our  ability 
to  identify  damage-risk  criteria  will  remain  inexact  A 
combination  of  several  factors  probably  deteimirtes 
susceptibility  to  auditory  damage,  although  each 
factor's  relative  influence  is  as  yet  undefiited.  A  clini¬ 
cal  battery  of  audit  iry  tests  or  a  mathematical  or 
statistical  model  tha-  incorporates  the  predictive  ef¬ 
fects  of  each  factor  may  ultimately  be  developed. 

T'je  military  would  greatly  benefit  if  those  soldiers 
whoarcatriskfornoise-iriduced  hearing  loss  could  be 
identified.  Identifying  and  followingthesoldierswho 
are  susceptible  could  save  money  ^  eliminating  the 
need  to  retrain  them  for  other  jc^  Awareness  of  a 
predisposition  to  noise-induced  hearing  loss  could 
also  influence  early  counseling  on  career  choices.** 
Soldiers  withahigh  susceptibility  lequireancmphasis 
on  auditory  managenrent,  a  nwte  frequent  review  of 
hearing  acuity,  and  more  irttensive  training  in  the  care 
atul  use  of  hearing  protectors. 

Stiainli  Variables 

Noise-induced  hearing  loss  may  be  affected  by  the 
following  stimuli  variables:  <a)  combinations  of  con¬ 
tinuous  and  impulse  rtoise,  ib)  intermittent  noise  (ie, 
noise  that  has  a  rest  time),  and  (c)  exposure  frequetKy 
(in  Hz). 


Combituitions  of  Continuous  and  Impulse  Noise 

Demographic  studies  indicate  that  the  develop¬ 
ment  of  hearing  loss  may  be  accelerated  when  indi¬ 
viduals  are  exposed  to  tmise  enviroiunents  that  con¬ 
tain  both  continuous  and  impulse  itoise,  compared 
with  exposure  to  conb'nuous  noise  alone.'*  These 
demographic  studies  support  data  from  controlled 
laboratory  experiments.  Workers  exposed  to  impact 
and  continuous  twise  also  show  extreme  variability  in 
the  irwideiKe  of  PTS.”  The  literature  suppmts  an 
interaction  between  continuous  and  impulw  noise 
under  specific  conditions:  when  impulse  levels  are 
greater  than  147  dB  SPL,  and  when  the  two  noise 
types  overlap  both  spectrally  arrd  temporally.^'  This 
has  particular  importarwe  to  armored  divisions,  which 
are  often  exposed  to  continuous-  and  impulse-noise 
combinations. 

Intermittent  Noise 

For  the  same  total  eivergy  transmitted,  intermittent 
noise  is  thought  to  produce  less  hearing  loss  than 
continuous  noise.  Researchers  experimenting  with 
chinchillas  found  tha!  intermittent  exposures  to  noise 
produce  less  temporary  and  permanenthearing  loss  and 
less  coddear  damage  than  contimious  exposure  to  noise 
of  an  equal  energy.  Two  variables,  which  they  found 
must  be  considered  with  intermittent  txnse,  arc  (1) 
recovery  during  the  muse  off-time  (quiet  time)  and  (2) 
reduced  adaptation  of  the  acoustic  reflex.**  Recently, 
another  investi^tor  reported  that  intermittent  expo¬ 
sures  appear  to  make  the  ear  more  resistive  to  noise 
injury;  exposure  to  low-inteir^  noise  for  several  days 
may  reduce  the  amount  of  PIS  from  exposure  to  a 
higher'intensHynoise.*^  Thesdentificworldawaitsfur- 
thCT  devdopments  regarding  this  new  infonrutkm. 

Exposure  Frerptenof 

Gcrterally,  tor  nruse  exposure  of  a  moderate  intert- 
sify,  high-frequency  sound  damages  a  restricted  area 
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of  the  basal  region  of  the  cochlea.,  and  low-frequency 
sound  damages  both  basal  and  apical  areas  of  the 
codilea.  In  experiments  with  chinchillas,  researchers 
have  analyzed  cochlear  damage  rdated  to  (ji)  continu¬ 
ous  exposure  to  low-frequeiKy  noise,  (b)  continuous 
exposure  to  high-frequettcy  itoise,  and  (c)  interrupted 
noiseexposures.'^"**^  High-frequency(inthisinstance, 
a  range  of  frequencies  with  a  center  hequeiv^  of 4000 
Hz),  moderate-intensity  rxrise  caused  damage  in  the 
region  of  the  organ  of  G»ti  that  is  basal  to  the  fre¬ 
quency  location  of  the  basiiar  membrane  that  was 
tuned  to  that  exposure.  As  the  intertsity  increased, 
damage  spread  both  basally  aiul  apicaUy.  Low-hre- 
quencyfararrgeoffrequetKieswithacenterhrequetKy 
of  500  Hz),  nioderate-intennty  noise  caused  danuge 
predominantly  totheoutcrhaircellsinabroad  area  of 
thelow-hequetKyregkm.  Asduraikmand  intensity  of 
the  ttoise  increased,  the  damage  iiKluded  mote  outer 
hairceiIs,withadditionallesk^inthehigh-ftequertcy 
basal  portion  of  the  cochlea.  The  damage  was  mcae 
severe  in  the  basal  area  than  in  the  apex,  and  was  also 
more  severe  than  the  damage  cau^  by  the  high- 
rirequetKy  exposures.  The  loss  of  iruier  hair  cells  did 
not  be;^  to  occur  until  many  outer  hair  cdls  were 
damaged .  (From  30%  to  50%  of  the  outer  hair  ceUs  may 
be  missing  in  the  a  pkal  re^n  of  the  codtlea  befne  the 
low-frequeiKy  tht«hdds  are  affected.)  Interestingly, 
when  interrupted  Iow-frequeiKytK>ise  was  present^ 
tothediinchilIas(6hof  noise  with  18hofrest),damage 
in  the  low-frequerKy  regkm  of  the  cochlea  was  re¬ 
duced  signifiewtiy.  No  such  potective  effect  was 
fenmd  for  loss  in  the  high-hequetKy  region.  This 
relatkmship  is  consistent  widi  the 4000-Hz  notch  that 
fust  appears  on  an  audiogram  fn»n  i»ise-induced 
hearing  loss,  regardless  of  the  frequetKy  of  the  insult¬ 
ing  noise. 

Variables  That  Affect  SusceptibUity 

Factors  that  affect  susceptibility  to  noise-induced 
hearing  loss  are  (a)  ototoxic  drugs,  (b)  physical  charac¬ 
teristics,  (c)  previous  ixMseinduced  hearing  loss,  (J) 
vibration,  arid  (e)  other  variables. 

Ototoxic  Dntgs 

The  amirtoglycoside  antibiotics  streptomycin  and 
neomycin  produce  mcne  auditory  sensory  damage 
when  comHned  with  imse  than  th^  do  when  they  are 
administered  without  noise.^''^’  Aminoglycoside 
therapy  may  destroy  sensory  hair  cdls  aitd  Ute  stria 
vasadjuis  of  the  coddea,  although  the  magnitude  of 
theinteractionbetweennoiseandthedrugsapp  'sto 


depend  both  on  the  intensity  of  the  rtoise  aitd  the 
dosage  of  the  drug.  Thus,  a  patient  receiving 
aminoglycosides  should  be  conrideied  to  be  at  m- 
creased  risk  of  a  threshold  shift  when  he  or  she  is 
exposed  to  loud  iwise. 

Gsplatin,  a  drug  used  in  the  treatment  of  some 
cancers,  can  also  significantly  iiKrease  auditory  dam¬ 
age  ftom  tKHse.  Again,  dte  magnitude  of  the  interac¬ 
tion  dependson  the  intenrityofthenoise.  Studieswith 
animals  show  high  ccmcentrations  of  dsplatin  in  ft>e 
stria  vascularis  attri  identify  this  area  as  the  site  of  the 
pathophysiology.^' 

Salicylates,  which  are  associated  with  temporary 
hearing  lo»  and  tinnitus,  have  also  been  imfdkated  in 
causing  an  increase  of  TTS  when  taken  in  conjunetkm 
with  rtoise  exposure  However,  salicylates  have  itot 
shown  an  increase  in  PTSwitfi  noise  expcsuie.*'  The 
driiate  over  possilde  synergy  between  salicylates  and 
noise  contimies. 

Physiad  Characteristics 

ITtyskal  characteristics  that  have  been  studied  rela¬ 
tive  to  noise-htduced  hearing  damage  are  (a)  mdaiun 
content,  ib)  age,  and  (c)  serum  magnesium  levds. 
Mdanin  is  present  in  theirmerearand  isassumed  tobe 
involved  in  the  nminal  function  of  the  auditory  rys- 
tem,althoughit5exactroIeLsundefined.  Furthermore, 
the  rdatkmshipof  the  melaitin  content  in  the  irisor  the 
sldn  to  the  mdutin  content  in  the  ear  has  iK>t  yet  been 
established.  Several  studies  have  investigated  the 
rdationship  of  mdanin  to  iKnse-induced  hearing  loss, 
and  assert  that  individuals  with  less  nwlanin  in  their 
irises  (those  with  blue  or  green  eyes)  exhibit  more 
iroise-mduced  hearing  loss  than  those  with  brown 
eyes.  Similarly,  retrospective  studies  of  blade  and 
%^te  irtdustrial  cowenkers  have  suggested  that  Made 
workers  experieiKe  less  hearing  loss  than  white  work¬ 
ers.  But  the  differences  may  not  be  industry  related 
and  there  appears  to  be  little  evidence  thatcyccolor  or 
skin  pigmentation  can  accurately  predict  an 
individual's  susceptibility  to  noise-mdu^  hearing 
loss.® 

Unlikethetenuousrdatkmshipofmdanintonoise- 
induced  hearing  loss,  however,  stroi^  support  exists 
forage-dependentchangesinsusceptibilify.  Evidence 
ftom  studies  with  animals  indicates  tlut  once  the 
auditory  periphery  is  fulfydevdoped,the  younger  the 
animal,  the  greater  the  damage  fr^  noise  exposure.® 
Studies  on  mice  show  that  the  greatest  hearii^  loss  for 
younger  animals  occurs  only  at  die  higher-mtenrity 
exposures.”  We  assume  that  the  hearii^  losses  from 
iKrise  exposure  and  age  (presbycusis)  combine;  this  is 
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the  basis  for  using  age<orrected  hearing  thresholds  in 
compensation  cases. 

^milarly,  studies  with  animals  suggest  a  relation¬ 
ship  between  serum  magnesium  levels  and  differ¬ 
ences  in  the  susceptibility  to  noise-induced  bearing 
loss.  Magnesium  is  present  in  perilymph,  and  a  defi¬ 
ciency  in 
tionand 

Previous  Noise-Induced  Hearing  Loss 

People  who  have  a  history  of  previous  noise-in¬ 
duced  hearing  loss  appear  to  have  unchanged  suscep¬ 
tibility  to  additional  noise-induced  hearing  loss.  Gen¬ 
erally,  oite  can  expect  to  fiiui  less  t  lb  as  preexposure 
hearing  threshold  level  increases.  Literature  on  this 
sul^ectcondudes  that  (a)  when  the  region  of  thebaalar 
membrane  that  v/as  injured  by  prior  troise  exposure 
coincides  with  the  region  that  is  afi^ed  by  current 
noise  exposure,  the  threshold  shift  is  less  in  the  im¬ 
paired  ear,  but  the  resultant  shifted  thresholds  are 
identical,  and  (b)  when  the  region  of  the  basilar  mem¬ 
brane  that  was  injured  by  prior  noise  does  not  coincide 
with  the  region  that  is  affected  by  the  current  noise 
exposure,  the  total  region  of  damage  is  thesimplesum 
of  the  two.** 

Vibration  and  Other  Variables 

Vibration  hasastTuli,consistent,minorefiect  on  the 
sensitivity  of  human  hearing.*'  Although  researchers 
have  found  evidence  of  a  relationship  between  noise 
and  whole-body  vibration,  the  degree  of  interaction 
appears  small.**  A  recent  investigation  of  rtoisc  and 
vi^tion  interaction  in  chitKhillas  demonstrated  rela¬ 
tively  small  and  inconsistent  effects  on  hearing  and 
sensory  cell  populations.  The  researchers  coiKluded 
that  "an  inciW^  risk  of  noise-induced  hearing  loss 
fiom  vibrations  in  the  industrial  population  is  prob¬ 
ably  relatively  small."** 

The  preceding  variables  are  in  ik>  way  itKlusive  of 


magnesium  has  been  linked  to  energy  deple- 
irreversible  damage  to  the  hair  cells.”'** 


all  affecting  agents.  For  example,  g^er,  hormonal 
cycles  and  oral  contraceptive  use,**”  levels  of  carbon 
mottoxide,*'  air  temperature,  and  cigarette  smoking** 
have  all  been  investigated  regarding  their  interaction 
with  noise-induced  threshold  shifts.  The  psychologi¬ 
cal  role  of  turise  as  a  stressor  and  the  alteration  of  the 
physiological  processes  mediated  by  the  autonomic, 
central  nervous,  and  endocrine  systems  have  been 
reviewed.”  The  general  theme  of  research  in  this  area 
is  the  interaction  of  noise  with  conditions  that  result  in 
peripheral  vasoconstriction,  an  elevated  heart  rate, 
and  increased  blood  pressure.” 

Future  Researdt  Objectives 

Much  of  the  literature  on  the  physiological  effects  of 
noise  coiuLsts  of  data  obtained  from  animals  during 
relatively  short  exposures  (days  or  weeks).  Studies 
paralleling  the  damage  to  hearing  that  accumulates 
over  a  worker's  lifetime  in  the  real  worid  are  needed 
and  should  address 

•  models  to  predict  hearing  loss  based  on  cellular 
damage  r^tive  to  exposure  character-istics**; 

•  greaterstudyofexposuretolow-inteitsitynoise 
emphasizing  metabolic damagebecause many 
studies  report  on  high-intensity  exposures  and 
emphasize  mechanical  damage; 

•  systematic  descriptions  that  trace  the  physi¬ 
ological  pathways  of  cellular  injury  and  cellu¬ 
lar  degeneration  quantitativeiy,  toimproveour 
understanding  of  the  mechaitisms  that  cause 
the  anatomical  change’; 

•  determinationofcriticalleyelsfordainagefrom 
various  t3rpes  of  noise; 

•  furtlier  refinement  of  the  relatioitship  between 
TT5  and  FTS  and  their  accompanying  ana¬ 
tomical  correlates;  and 

•  further  investigation  of  interactive  agents  and 
environixtental  stressors  that  can  affect  noise- 
induced  hearing  loss. 


HEARING  IMPAIRMENT  IN  THE  U,S.  ARMY 


Noise-induced  hearinglossisoneofthcmostpreva- 
lent  occupational  health  impairments  in  thearmy.  The 
magnitude  of  the  problem  can  be  estimated  from  the 
following  sources:  (a)  a  hearing-loss  prevalence  study 
conducted  in  1975,  (b)  hearing-loss  data  fiom  the  US. 
Army's  Hearing  Evaluation  Automated  Registry  Sys¬ 
tem  (HEARS),  and  (c)  compensation  expettditures. 


The  Hearing-Loss  Prevalence  Study 

In  1975,audiometTicdata  wereobtained  fiom3,000 
enlisted  men  representing  three  combat  branches  (in¬ 
fantry,  armor,  and  artil!^)  and  five  time-in-service 
categories.*  in  this  prevalence  study,  significant  hear¬ 
ing  loss  was  defined  as  that  decrement  in  hearing  that 
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enabled  a  soldier  to  qualify  for  an  H-2  profile  or  worse. 
A  detailed  disaisskm  of  ^  hearing-profile  system  is 
beycmd  the  scope  of  this  chapter;  however,theseverity 
of  hearing  loss  that  a  seedier  must  exhibit  to  obtain  an 
H-2  profile  can  be  illustrated;  the  upper  limit  of  an  H- 
1  profiledefines  the  hearing  sensitivifyofaTfi-year-old 
matt 

This  prevalence  study  produced  the  fc^wing  sa¬ 
lient  fin^gs: 

•  Appn>ximatdy20%to30%ofalloc»nbat-anns 
peisonnd  %vith  more  than  IS  years  of  service 
had  significant  hearing  losses. 

•  C)ver^%ofaHnbat-annspersonndwithinoce 
than  15  years  of  service  (the  army's  senior 
noncommissioned  officers)  had  significant 
hearing  losses. 

•  Theprevaknceofhearinglosswasroughlythe 
same  in  all  three  combat-arms  brandies. 

•  A  substantial  difference  existed  bdween  the 
prevalence  of  hearing  loss  according  to  time- 
in-service,  and  this  difference  could  not  be 
explained  on  the  basis  of  age. 

•  soldiers  did  not  carry  the  appropriate 
profile  for  hearing;  for  exan^^,  the  calculated 
profile  from  their  last  hearingtestwasdifferent 
from  the  profile  assigned  to  diem.’ 

An  update  of  this  prevalence  study  is  long  overdue 
After  validation  stu^Ues  for  threshcM  detennination 
and  OKMe  extensive  analysis  of  personnd  databases 
have  been  done,  HEARS  data  will  be  used  to  reexam¬ 
ine  hearing-loss  prevalence  in  the  army. 

The  Heating  Evaloatioa  Automated  R^istty 
System 

Approximatdy  500X100  Department  of  die  Army 
(DA)  military  and  dvilian  personnel  are  reported  tobe 
exposed  roudndy  to  hazardous  noise*'  Homl960to 
19W,almost2millionaudiofnetric  evaluations  of  these 
individuals  were  accumulated  in  a  mainframe  data- 
baseatFottDctrick,MaTyland.  However,poorpattici- 
padon  in  HEARS  has  limited  the  value  of  die  data  that 
demonstrate  its  effectiveness.  Hgure  7-17  emnpares 
participation  in  the  registry  as  a  function  of  rank  for 
enlisted  peisonnd,aiKl  f^im7-18cDinpares  diepteva- 
lenceofhearinglossbytank.  Similar  pademsexist  for 
commissioned  officers  and  warrant  officers.  ^1969, 
only  41%  of  all  aedve-duty  peisonnd  were  enrolled  in 
HEARS.  Even  nvididuslioiitedpartidpadon,  the  data 
indicate  a  high  prevalence  of  hearing  1^  among  mili¬ 
tary  personnd.  For  example,  10%  of  all  active-duty 


warrant  officers  and  6%  of  all  enlisted  and  officer 
personnel  in  HEARS  have  an  H-3  or  worse  hearing 
profile.  ThisH-Spnffilesignifiesasubstantialhearing 
loss,  for  which  some  soldiers  may  require  both  a  hear¬ 
ing  aid  and  reclassification  frcMn  a  nooeTiazardous 
occupadoiL  Ifalloftheseindhridualswerereassigned 
to  |ote  that  were  fiee  of  iKHse  hazards,  die  disrupdofis 
in  work  schedules  and  increased  training  costs  would 
besubstandaL  Although  data  on  training  costs  are 
calculated  on  a  case-by-case  baris  and  are  not  readily 
availaUe  through  medical  diannds,  high  costs  would 
be  iiKuned  by  training  personnd  for  entry  into  die 
ncMse'^iazardous  ^ledalty,  retraining  personnel  for 
reassignmenttoan(Mse-fiieejob^>edalty,and  training 
die  rej^acement  personnd  in  die  orig^  noiseliaz- 
ardous  specialty.*' 

The  prevalence  of  hearing  loss  among  civilians  is 
calculated  in  HEARS  under  die  Department  of  Labor 
(DDL)  hearing-loss  formula  in  terms  of  die  percentage 
of  hearing  loss  and  potential  monetary  compensation. 
Of  the  82716  civilians  in  HEARS,  13,449  (16%)  have 
potentially  compensable  hearing  levds,  as  calculated 
from  the  results  of  their  last  hearing  test*'  Cunendy, 
the  army's  potential  compensation  liabilily  would  to¬ 
tal  approximatdy  $93  million  if  all  13,449  individuals 
filed  and  were  found  to  be  compensaUe.*' 

Conpensatkm  Eiqicnditntcs 

Although  the  figures  do  not  reflect  the  more  impor¬ 
tant  factors— decreased  quality  of  life  and  decreased 
|ob  performance— diat  are  associated  with  communi¬ 
cation  handicaps  frcrni  hearing  loss,  the  DoD's  com¬ 
pensation  expe^tures  have  been  staggering  (Figure 
7-19).*'  In  19W, diearmywascreditedfbr 39771  ofdie 
total  62X)12cases  of  primary  hearing-lossdisabUityfie, 
when  hearing  loss  is  thegreatest  or  only  disability)and 
for  91,443  of  die  171,192  secondary  disabilities  (ie, 
when  hearing  loss  is  one  of  several  compensable  dis¬ 
abilities)  (Hgute  7-20).*'  But  two  additional  points 
must  be  noted:  (1)  there  are  undetermined  expoidi- 
tures  for  other  disabilities  computed  into  the  primary 
hearing-loss  figures,  and  (2)  these  expenditures  are 
funded  through  a  separate  Veterans  Administration 
(V  A)  budget  to  whidi  DoD  agencies  are  not  account¬ 
able. 

In  February 1967,dieDC}L,whidi  administers  work¬ 
ers  compensation  for  all  dvilian  federal  employees, 
adopted  diehearing-impairmentformulaofdie  Ameri¬ 
can  Academy  of  Otolatyngology.  The  new  formula 
added  500 Hz  to  the  frequencies 1000 Hz,  2000 Hz,and 
3000  Hz  that  were  alrcmly  in  use.  Since  500  Hz  is  a 
frequency  dut  is  less  adected  by  noise,  the  use  of  diis 
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Fig- 7-17.  IVrccntjgesof  enlistf.’d  soldiers  with  a  roforcnceaudtcigrainasa  functionof  rank.  AnuntimolyivferenceaudiDgrain 
and  lack  of  subscxjui'nl  audiomctric  monitoring  precludes  early  detection  of  hearing  loss.  Source;  fXinahue  AM.  l/niriHg 
Coii-knvtioit  Data  Ptvfile.  Aberdeen  Proving  Ground,  Md:  US  Army  Environmental  Hygiene  Agency;  IWl.  Armywide 
dataKisc*  .''1-.14-<).1S1-91. 


Fig.  7-18-  Percentage  of  enlisted  soldiers  ivith  a  hearing  profile  worse  than  H-2  as  a  function  t»f  rank.  TIh'  prevalimce  of 
hearing  h>ss  inctea.ses  with  rank  and  pa*sumably  %vith  time  in  service.  These  increases  aa*  not  attributable  to  aging.  Souav: 
IXinahue  AM.  Hearitif^  CaiiMmithm  Data  Prafite.  AK'rdeen  Pawing  Ground,  Md;  US  Army  Environmental  Hygiene  Agency; 
I  'W 1 .  Armyiv  ide  database  .t  I  -.Tl  -02,S !  -V I . 
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Fig.  7*19.  Expendihtres  over  the  last  22 
years  for  veterans  in  all  services  receiv¬ 
ing  hearing-loss  compensation  who 
had  hearing  loss  as  th^priinary  dis¬ 
ability.  In  the  calendar  year  1990,  the 
army  accounted  for67%  ($138,138,804) 
of  iotalprimary-disability  expenditures 
($205,733,820).  The  total  cost 
($2,481317,060)  for  1969  to  1990  does 
not  indude  expenditures  for  second¬ 
ary-disability  cases  of  hearing  loss. 
Source:  Donahue  AM.  Hearing  Conser¬ 
vation  Data  Profile.  Aberdeen  Proving 
Grouitd,  Md:  IB  Army  Environmental 
Hygiene  Agency;  1991.  Armj'wideda- 
Ubase  51-34^)251-91. 


F^  7-20.  The  distribution  of  hearing- 
loss  disal^ty  cases  (primary  and  sec¬ 
ondary)  among  the  services.  Veterans 
aieinduded  forcalendaryear  I990on)y. 
Source:  Donahue  AM.  Hearing  Conser¬ 
vation  Data  Profile.  Aberdeen  Proving 
Ground,  Md:  IB  Army  Enviroiunental 
Hygiene  AgetKy;  1991.  Army  wide  da¬ 
tabase  51-34-(Q51-91. 


I%.7-21.Expendituresfordvilian  hear¬ 
ing-loss  compensation  for  all  federal 
agencies  for  fiscal  years  1963  to  1968. 
Sraroe:  Doiuihue  /M.  Hearing  Conser¬ 
vation  Data  Profile.  Aberdeen  Proving 
Ground,  Md:  IB  Army  Environmental 
Hy^ene  Agency;  1991.  Armywideda- 
Ubase  51-34-0251-91. 
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formula  reduced  the  number  of  awarded  compensa*  die  army  was  twice  as  high  as  die  rate  in  the  total  federal 

tkm  claims  for  that  year  (Figure  7-21).  government  (4%  versus  2%).“  Moreover,  since  all  civil- 

The  latest  data  available  horn  fiscal  year  1990  show  iancompensadonisadiargebadctodieoriginalagency, 
diat  the  hearing-loss  bill  for  all  government  agencies  there  is  concern  fw  reducing  cranpensation  at  die  DA 

totaled  $27,451,585,  which  constitutes  2%  of  die  total  levd,  where,  in  turn,  charge  badcs  are  being  directed 

moniespaidforallfonnsof£DaipetisationWA40,960764).  downtodieiria}orcomriiandleveland,eventu^,todte 
Thearmy  was  charged  for  23%  ^,360,205)  of  the  total  installatkm.  Current  data  portray  a  proUem  of  sizable 

hearing4ossIriD,andaccountedforl7%(906)ofthe5,375  prqx>ttions;neverthdess,otganizationalacoountability 
casesadjudicated.  Onaverage,therateofhearinglo6sin  is  linked  to  an  accurate  definition  of  this  proUetrt 

HEARING  CONSERVATION  IN  THE  U.S.  ARMY 

Noise-induced  hearing  loss  is  not  a  recent  phenom-  and  advice  in  the  medical,  engineering,  and  adminis- 


enon  in  the  army,  nor  are  efforts  to  prevent  it  Al- 
thoughitmayseemtobe  contradictory,  noise-induced 
hearing  loss  and  measures  to  prevent  it  have  coexisted 
for  almost  five  decades.  As  the  magnitude  of  this 
problem  indicates,  the  army's  efforts  to  prevent  noise- 
induced  hearinglosshavenotbeenentir^y  sue  essfuL 

The  de\'elopment  of  military  hearing  conservation 
programs  has  been  linked  to  the  evolution  of  special¬ 
ties  in  the  fields  of  audition,  speech  science, 
psychoacoustks,  and  bioacoustics.*^  Milestones  for 
army  hearingoHiservation  programs  canalsobelinked 
to  the  «tablishment  of  facilities  and  (he  publication  of 
key  hearing  conservation  documents. 

Fadliiies 

Early  army  initiatives  can  be  traced  back  to  Decem¬ 
ber  1941,  when  a  research  facility  at  Fort  Knox,  Ken¬ 
tucky,  was  established.  Topics  of  investigation  in¬ 
cluded  (he  efiiects  of  noise  on  peiscHind  effidency,  the 
rutureofthetemporarydeafnessthatwascausedbytank 
noise,  and  the  physiological  adaptation  to  tank  noise. 
In  August  1944 ,  a  project  that  addressed  these  topics 
recoiiiineiided  that  gun  crews,  gurinety  mstructors,  arid 
other  personnd  who  were  exposed  regularly  to  gunfire 
blasts  be  provided  with  hearing-protective  devices." 
The  army  procured  a  single-flange  earplug,  the  V-51R, 
for  general  issue  to  those  who  requir^  protection. 

In  1942,  the  forerunner  of  the  U5.  Army  Environ¬ 
mental  Hygiene  Agency  (USAEHA),  the  Industrial 
HygieneAgency,v^estaUishedat7heJohnsHopkins 
University.  Forthenext27years,hearing  conservation 
vras  largely  an  industrialhygiene  function,  both  within 
this  agency  and  in  the  field,  with  an  emphasis  on  the 
identification  of  noise  hazards.  In  1969,  a  military 
audiologist  was  assigned  to  the  USAEHA,  which  was 
then  located  at  Edgewood  Arsenal,  Maryland.  In  that 
same  year,  the  Bio-Acoustics  Division  was  created  at 
the  agency  with  the  mission  to  provide  consultation 


trative  aspects  of  hearing  conservation. 

While  the  Bio-Acoustics  Division  was  concerned 
with  studying  operational  noise  problems  and  moni¬ 
toring  die  efiiectiveness  of  the  Hearing  Conservation 
Program,  other  laboratories  were  established,  includ¬ 
ing  the  U.S.  Army  Audiology  and  Speech  Center  at 
Walter  Reed  Army  Medkal  Center,  Washington,  D.C; 
theUS.  Army  Aeromedical  Research  Laboratory,  Fort 
Rucker,  Alabama;  and  the  Human  Engineering  Labo¬ 
ratory,  Aberdeen  Proving  Ground,  M^land.  These 
laboratories  were  established  to  investigate  noise-re¬ 
lated  problems  involving  protective  equipment  de¬ 
sign,  hearingloss,hearingfm>tection,au^  detectabil¬ 
ity,  performance  decrements  caused  by  hearing  loss, 
and  aural  rehabilitation. 

Military  Audiology  and  Other  Disciplines 

The  specialty  of  audiology  emerged  ftom  aural- 
rehabilitationcentersthatwere  established  afterWorid 
Warn.  By  the  late  1960s,  there  were  11  audiologists  on 
activeduty."’"Today,niorethan65officersservedual 
roles  as  dinical  audiologists  assigned  to  army  hos|n- 
tals  or  other  medical  installations  or  activities,  and 
hearing-conserv'aiion  officers  who  assist  the  local  }»e- 
ventive  medidne  officer.  They  have  the  general  re- 
sponsOnlities  of  monitoring  and  implementing  the 
local  Hearing  Conservation  Program.  In  this  role,  the 
audiologist  is  the  responsibleaction  officer  for  hearing 
conservation. 

Because  it  is  impossible  for  any  one  action  officer  to 
perform  all  hearing-conservation  functions,  the  army 
employsateamapproadi.  Although  thedlsposition  of 
resources  is  at  the  discretion  o.^  local  cotxunandets, 
program  responsibilities  for  other  related  disdpltnes 
have  evolved; 

•  Industrialhygknistshavetheprimaiyrespon- 
siMlity  kjT  noise-hazard  evaluation,  and  woric 
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closely  with  facilities  engineers  to  design  and 
retrofit  engineering  noise  controls. 

•  Occupational  health  nurses  perform  medical 
procedures  such  as  fitting  earplugs  and  pro- 
vidingaudiometrictestingfortlKcivilianpopu- 
lation,  and  manage  ppjgrams  in  the  absoKe  of 
audiologists. 

•  Safetypersonnelperformavitalroleinposting 

areas  equipment  and  enforcing  the  use  of 

hearing  protectors. 

•  Occupatiotuil  health  physicians  have  the  final 
word  in  medical  decisions  and  recommeiMla- 
tions. 

•  Physician  assistants,  military  corpsmen,  civil¬ 
ian  health  technicians,  aird  others  also  assist  in 
aocomplishingHearingConservation  Program 
responsibiiiti^ 

KeyDocuinents 

Noisesbrndards  (ie,requirenwntsfbr  program  imple¬ 
mentation  by  the  federal  government)  and  documents 
that  implemCTt  hearing  conservation  programs  repre- 
sentsigmficantmilestorws  in  thedevelopmentof  these 
programs.  The  first  document  %vith  standards  was 
U5.  Air  Force  Regulation  160-3,  which  was  issued  in 
1956.“"  Forthettext25years,theairforce  maintained 
the  most  well-established  hearing  conservation  pro¬ 
gram  in  the  military. 

The  army  issued  an  implementing  document  in 
1956  and  revised  it  in  1965 and  1972.**^  However,the 
U5.  Army's  Technical  Bulletin,  Noise  and  Conservation 
of  Hamng,  known  as  TB  MED  251,  did  Ttot  mchide  the 
HearingConservation  Program  tequiiements,butonly 
recommendations  for  its  impkmentatirm.  The  re- 
quirerrtents  for  a  program  were  outlined  in  a  basic 
preventive  medicine  regulation,  U.S.  Army  Regula¬ 
tion  (AR)  40-5,  which  r^erred  to  the  technical  bulle¬ 
tin.^  Unfortunately,  because  only  a  program  outline 
was  required  by  the  regulation,  only  an  outline  ex¬ 
isted.  In  1977,  ^Geri^  Accounting  Office  (GAO) 
recoitunended  that  the  DoDadopt  a  ur^rm  policy  on 
noise  exposure.”  A  year  later,  a  DoD  Instruction 
(DoDI)  was  published  to  provide  standards  as  well  as 
tmiformitytoriulitaryhea^gaHiservatkm  programs.” 
The  army's  implem^ting  document  to  the  DoDI— TB 
MED  501,  Hearing  Conservation — ^was  published  in 
1980.” 

Federal  noise  standards  evolved  sinularly,  ai>d  the 
DoD  implemented  starrdards  to  parallel  the  federal 
regulations.  The  Walsh-Healy  Public  Contracts  Act, 
Noise  Standard,  published  in  1969,  was  itxoxporated 
into  The  Occupational  Safidy  attd  Health  Act  of  1970 


(OSHAct).”  The  ttoise  section  ccntaiited  fewer  than 
350  words,  with  a  key  provision  that  required  a  "con¬ 
tinuing,  effective  hearing  conservation  program" 
whenever  a  table  of  allowable  levels  and  durations 
was  exceeded.”  After  a  protracted  process  of  debate 
and  comment  cm  the  spe^c  requirements  itecessary 
for  this  program,  a  final  rroise  standard  was  published 
in  1983.”  The  DoD  implemented  the  directives  of  the 
1983  F^eral  Noise  Amendment  in  an  update  of  the 
DoDI,  which  was  published  under  a  new  designation, 
DoIH 6055.12”  Ii^udingpolicyissuessuchasassigrt- 
ing  specific  responsibiUties  has  upgraded  the  army's 
implementing  document  to  DA  pamphlet  status,  des¬ 
ignated  as  DA  PAM  40-501.” 

Noise-Hazard  Criteria 

Most  aspectsofiwise-hazard  evaluation  in  thearmy 
mirror  those  in  the  private  sector,  although  smne  as¬ 
pects  are  militarily  unique.  Both  in  private  industry 
axrd  in  thearmy's  program,  iirdustrial  hypene  person- 
rrel  evaluate  potential  hazards  with  noise-nteasuring 
equipnnent  t^t  is  calibrated  to  the  standards  of  die 
Amoican  National  Standards  Institute.”  Unique  fea¬ 
tures  of  the  army  program  iiKlude  more  stringent 
noise-exposure  criteria  aird  the  pervasiveness  of  hi^ 
intensity,  impulse-noise  sources. 

The  army  has  established  noise-exposure  criteria 
according  to  the  specific  type  of  noise:  (0)  continuous, 
ib)  airborne  high-fiequency  and  ultrasonic,  atrd  (c) 
impulse. 

For  continuous  noise,  the  army  employs  a  modified 
version  of  the  DoD  criterioru  as  exposure  time  is 
doubled,  a  4-dB  decrease  in  intensity  is  enforced  or 
suggested.  For  example,  85  dBA  (ie,  a  weighting 
network  for  hearing— conservation— exposure  crite¬ 
ria)  is  hazardous  for  8  hours,  so  89  dBA  is  hazardous 
for4hours.  Thesecriteriahavealsobeenextrapolated 
for  rroise  exposure  for  longer  than  8  hours.  Theestab- 
lishment  of  representative  time-weighted  averages 
(TWAs)  for  civilian  and  military  personnel  working 
in  industrial  operations  is  in  progress.  For  the  pur¬ 
poses  of  administering  the  Hearing  Conservation 
Program,  levels  of  steady  noise  of  85  dBA  or  greater 
are  presently  considered  hazardous,  regardless  of 
the  duration  of  the  exposure.”  Practical  guidance  to 
preclude  misuse  or  overzealous  implementation  of  a 
single-munber  criterion  were  provided  in  implement¬ 
ing  documents: 

This  criterion  affbnis  the  advantage  of  increasing  the 

overall  effidetKy  of  the  program  by  simplifying  its 

administrative  aspects....lt  will  alw  be^  protect 
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those  individuals  who  are  more  susceptible  to  the 
effects  of  noise.  Although  the  requirements  of  the 
program  demand  the  initiation  of  hearing  conserva¬ 
tion  measures  when  levels  are  85  dBA  or  greater,  the 
implementation  of  all  available  measures  may  not  be 
necessary  in  every  case.  For  example,  visitors  to 
noise-ha^rdous  areas  are  required  to  wear  hearing 
protective  devices,  but  the  requirement  for  hearing 
evaluationsdoesnotapply  to  visitors.  Theremayalso 
be  unique  situations  whm  noise  levels  rise  infre¬ 
quently  and  unpredictably  to  85  dBA  <nr  greater  for 
very  short  durations  so  that  the  wearing  of  hearing 
protective  devices  may  be  judged  impractical  or  tm- 
necessary.  Decisions towaivethewearingofhearing 
protective  devices  or  any  other  requirerrtent  of  the 
program  must  not  be  made  arbitrarily.  Such  judg¬ 
ments  may  be  reiKlered  by  trairted  AMEDD  (Army 
Medical  Department]  persotmel  who  will  pafonn  a 
thorough  evaluation  using  approved  instrumenta¬ 
tion  and  who  will  consider  all  hKtors  rdative  to  the 
potential  for  a  given  exposure  to  cause  hearing 
impairment'*'^’ 

Airborne  High-FrequeHOf  and  Ultrasonic  Noise 

Exposure  toairborne  high-ftequeiKyarKl  ultrasonic 
iK>iseoccursatannymstallatiottshx>m  various  sources 
such  as  iiKlustriaIcIeanersanddegreasers,dental  drills 
and  scalers,  and  aircraft  compressors.  The  army  has 
adopted  the  reconuneiKled  Threshold  Limit  Values 
(TLV)  of  the  American  Conference  of  Governmental 
Industrial  Hygienists  ( ACGIH)  for  potentially  hazard¬ 
ous  high-fre^ency  and  ultrasonic  noise  sources  (Table 
7-1)*  Durations  of  permissible  exposure  are  not  in¬ 
cluded  in  these  values,  but  only  single-dedbellevels  in 
one-third  octave  bandsareinduded.  Dedbel  levels  for 
one-third  octa  vesabove20,000 Hz  (ie,  ultrasonic  iK>ise} 
were  included  to  prevent  possible  hearing  loss  ftom 
the  subharmonks  of  those  frequencies  that  we  do  hear 
and  that  are  generated  within  the  ear.  Equipmentfbr 
measuring  noise  in  the  one-third  octave  batids  is  usu¬ 
ally  not  available  at  local  installations,  but  can  be 
obtained  from  the  USAEHA. 

Impulse  Noise 

The  impulse-noise  exposures  and  the  multiplicity 
of  impulse-noise  sources  in  the  army  environment 
dictate  that  the  requirements  of  the  hearing  conserva¬ 
tion  program  be  mandatory.  Where  the  Occupatkmal 
Safety  and  Health  Agency  (OSHA)  requires  that 
exposures  should  not  exceed  140  dBP  (ie,  criterion  for 
exposure  to  impulse  rtoise),  the  army  dictates  that 
exposures  miisf  not  exceed  this  level.^^"*  Because  die 
army  uses  small-armsanununition  (including  blanks) 


that  produce  impulse-noise  levels  above  140  dBP, 
measures  to  conserve  hearing  must  be  instituted 
and  enforced  when  weapons  are  Bred  during  train¬ 
ing.” 

The  single  criterion  of  140  dBP— notwithstanding 
several  parameters— defines  the  hazard  of  impulse 
noise.  These  parameters  include  (a)  peak  dedbd  (or 
intensity)  levd,  (b)  ftequency  content,  (c)  number  of 
impulses,  (d)  duration  of  each  impulse,  and  (e)  the 
angle  of  incidence  of  the  incoming  sound  wave. 

The  higher  the  peak  intensity,  the  more  hazardous 
thenoise."'*^  Shoulder-fired,  antitank  rockets  such  as 
the  Dragon  can  have  peak  intensities  as  loud  as  185 
dBPatthefirer'sear.  Artillery  ftre can  exceed  180 dBP, 
depending  on  the  charge,  the  length  of  the  tube,  the 
angle  of  fire,  and  the  presence  and  type  of  muzzle 
brake.  Mortars,  depending  on  their  charge  and  cali¬ 
ber,  can  produce  intenrities  from  165  to  178  dBP.  Rifle 
and  pistol  fire  %vill  measure  1 56  to  162  dBP  at  the  firer^s 
more  exposed  ear.  Generally,  the  same  peak  intensity 
ftom  artillery  fire  will  be  considerably  iWs  hazardous 
than  that  of  rifle  fire  because  artillery  fire  is  (rf  a  lower 
ftequeiKycontenL*Thetotal  noise  hazard  ftom  shoul¬ 
der-fired  rcdcets  was  not  great  because  they  were 
expensive  to  test  fire  until  simulators  were  developed 
that  cost  only  pennies  per  shot 

The  ndse  hazard  also  increases  as  the  number  of 
impulses  increases  over  a  given  time.*’'*^  Asageneral 
rule,  the  larger  the  caliber  and  the  louder  the  weaprms 
system,  the  fewer  the  impulses  that  are  generated.  In 
addition,  the  noise  hazard  increases  with  the  duration 
of  the  impulse.  Reverberations  ftom  reflected  surfaces 
can  lengthen  the  impulse.” 

Theangle  of  inddeiKealso  affects  theseverityof  the 
noisehaz^.  Themoretheimpulseimpingesdirectly 
on  the  ear,  the  more  hazardous  it  is.  Fbrexam{^,the 


TABLE  7-1 

PERMISSIBLE  NOISE  LEVELS  OF  AIRBORNEHIGH- 
FREQUENCY  AND  ULTRASONICRADiAIION 


One-Thlni  Octave  Band 
Center  FrcqnciKy  (kHz) 

One-Third  Octave  Band 
Intensity  Level  (dB) 

10 

80 

12.5 

80 

16 

80 

20 

105 

25 

110 

315 

115 

40 

115 
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right  ear  (for  right-handed  shooters)  is  partially  pro¬ 
tected  irom  the  sound  of  the  rifle  fire  by  the  "shadow" 
of  the  shooter's  head. 

All  these  factors  are  uniquely  combined  in  mortar 
fire,  which  render  it  excessively  hazardous  to  mortar 
crews.  ButtheM16rifIe,becauseofits  widespread  use, 
potential  rate  of  fire,  and  relative  high-frequency  con¬ 
tent,  has  the  dubious  distinction  of  being  Ac  primary 
destroyer  of  hearing  in  Ae  army. 

Posting 

The  army  emphasizes  prominent  posting  of  noise- 

85  dBA  and  140  dBP  noise-hazardous  fields,  signs 
must  be  posted  to  identify  these  contours.^^ 

Although  compliance  is  not  guaranteed,  a  direct 
correlation  has  bem  observed  between  Aepresenceof 
signs  and  the  use  of  required  hearing  protectors. 

Noise  Controls 

Engineering  and  administrative  noise  controls  are 
essential  componentsofahealing  protection  program. 
Engineering  controls  are  desirable;  their  use  elimi- 
lutes  Ae  noise  hazard  and  renders  oAer  components 
of  Ae  Hearing  Conservation  Program  unnecessary.^^ 
Administrativecontrolsare  generally  employed  when 
hearing  protection  cannot  protect  soldiers  or  civilian 
employees  fiom  a  given  expcmire. 

Noise  reduction  thatemploys  engineering  methods 
is  based  mainly  on  applying  certain  principles  of  Ae 
scienceof  sound.  Sol\'ingcomplexnoise<ontrol  prob¬ 
lems  usually  requires  the  services  of  acoustic  engi¬ 
neers,  who  are  available  at  Ae  Bio-Acoustks  Diviaon 
of  theUSAEHA.”  However,  the  industrial  hygienist, 
audiologist,  environmental  scientist,  or  preventive 
medidneofikerwiAageneralunderstandingofacous- 
tic  principles  can  recommend  measures  that  will  often 
control  many  itoise  problems  successfully.^* 

Engineermg  Controls 

Engineering  controls  are  used  whenever  feasible  to 
reduce  continuous  noise  to  below  85  dBA  and  im¬ 
pulse-noise  intensities  to  below  140  dBP  (or  to  Ae 
extent  possible).'*  Engineering  noise  control  is  gener¬ 
ally  feasible  if  implementation  is  practicable  and  cost 
effective,boA  technologically  and  operationally/*  En¬ 
gineering  measures  may  involve  significant  expendi- 
Ares,  and  Aus 
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installation  planners  must  establish  priorities  so  that 
available  funds  will  yield  Ae  greatest  benefits.  Such 
priori  tiesmust  be  ba^  on  factors  such  as  Aenumfaer 
of  personnel  exposed  to  a  particular  noise  source, 
fu  Are  intended  use  of  Ae  facility,  as  well  as  Ae  level 
and  Ae  duration  of  exposure.^*'*'*’ 

Two  programs  that  complement  engineering  noise 
controls  are  the  Health  Hazard  Assessment  (HHA) 
process,  which  is  discussed  in  detail  in  Chapter  6, 
Heal  A  Hazard  Assessments,  and  Ae  (Juiet  Tracked 
Vehicle  Program  (QTVP).  The  HHA  process  attempts 
to  ensure  that  hardware  design  and  procurements 
conform  to  boA  Military  Standard  (MIL  STD)  1474 
and  medical  policy  for  noise  exposure,  but  all  military 
materiel  procured  before  Ae  initiation  of  the  HHA 
process  were  not  sul^ected  to  any  restrictions  that  may 
have  been  recommended  through  an  HHA.  Newly 
designed  or  purchased  equipment,  however,  must 
exhibit  the  lowest  possible  noise-emission  levels  and 
conform  to  Ae  acoustic  noise  limits  prescribed  in  MIL 
STD  1474.^*" 

Similarly,  Ae  QTVP  has  contributed  to  engineering 
noise  controls.  The  high  levels  of  noise  produced  by 
tracked  vehicles  have  been  a  problem  historically  and 
are  responsible  not  only  for  hearing  loss,  but  al»  for 
boA  degraded  communication  and  aural  detection  at 
great  distances.*^  A  15-year  effort  has  produced  a 
compliant  sprocket  and  an  isolated  roadarm  and 
roundwheel  to  reduce  Ae  noise  associated  wiA  tank 
movement  Theseinnovationswereincorporatedinto 
a  demonstration  vehicle;  interior  noise  was  reduced  by 
8  to  10  dBA  and  exterior  noise  by  3  to  4  dBA.*  The 
durability  of  the  reduced-noise  suspension  system  is 
stili  under  sAdy. 

Administmtive  Controls 

Admmistrative  controls  to  limit  noise  exposure  are 
not  always  practical  in  army  industrial  operations. 
The  characteristic  understaAng  of  Ae  federal  civilian 
workforce  can  limit  the  use  of  administrative  controls 
such  as  the  rotation  of  workers  through  different  job 
areas  A  limit  noise  exposures.  These  restrictions  may 
be  more  practical  in  military  training,  however.  For 
example,  limits  can  be  set  on  the  number  of  rounds  of 
ammunition  fired  or  on  Ae  peacetime  use  of  a  particu¬ 
lar  weapons  system. 

In  Aedesignand  procurementof  equipment  in  the 
HHA  process,  administrative  controls  can  limit  the 
number  of  rounds  fired  by  writing  the  appropriate 
guidance  in  the  operator's  manuals.  These  adminis¬ 
trative  controls  are  crucial;  Ae  na  Are  of  most  noise 


hazardousareasandequipmentwiAappropriatedan- 
gersignsanddecals.^*'*  Fbrequipment  that  generates 
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sources  evaluated  in  the  HHA  process  has  defied 
-  reduction  through  engineering.  However,  an  aggres¬ 
sive  approach  toward  engineering  controk  at  the  Fort 
Belvoir  Research  and  Development  Center  has  pro¬ 
duced  some  positive  results.  Researchers  at  the  center 
havereduced  noiseonnew  military  equipmentsuch  as 
generators  and  water  purifiers,  whi(^  have  counter¬ 
parts  in  the  private  sector 

Personal  Protective  Equipment 

Protecting  hearing  in  the  army  is  doubly  challeng¬ 
ing.  Rrst,  many  noise  sources  are  not  amenable  to 
engineeting  controk,  which  iiu^eases  the  wearers' 
reUanceonhearingprotectors.  And,second,useoftbe 
Kevlar  helmet  dictates  the  use  of  earplugs,  which 
creates  a  dilemma:  unless  an  expert  inspects  the  seat¬ 
ing  of  the  plugs,  only  the  user  Imows  whether  or  nc^ 
they  are  inserted  properiy.  Consequently,  the  empha¬ 
sis  on  promoting  the  proper  use  and  care  of  hearing 
protectors  that  was  initiated  over  20  years  ago  contin¬ 
ues  today. 

Only  personal  protective  equipment  (PPE)  that  has 
been  approved  by  the  Office  of  The  Surgeon  General 
(OTSG)  k  authorized  for  use.  The  nomenclature  and 
Natioiuil  Stock  Numbers  of  approved  hearing  protec¬ 
tors  are  included  in  DA  Pamphlet  40-501."  These 
protectors  have  been  tested  thoroughly  for  their  at- 
tenuationcharacteristics,durability,andfreedomfrom 
toxic  effects.  Not  only  have  all  conunerdally  available 
devices  net  been  tested  in  thk  maimer,  but  they  also 
cost  considerably  more  than  those  that  are  ordered 
through  army  supply  chamiek.  The  army  uses  a 
carefully  selected  set  of  hearing  protectors  (Rgure  7- 
22)  iiKluding  (a)  preformed  earplugs  (triple-and  single¬ 


flange),  (b)  hand-formed  earplugs,  (c)  ear-canal  caps, 
(<0  noise  mufis,  and  (e)  noise-attenuating  helmets.  All 
hearing  protectors  are  issued  gratk,  and  a  fieedom  of 
choice  among  these  approved  devices  k  required  by 
the  DoD  unless  the  choicekmedically  or  enviiotunen- 
tally  contraindicated. 

Preformed  earplugs  iiKlude  (a)  the  triple-flange 
earplug,  which  pi^omiitates  because  of  ik  ease  of  fit 
and  coitsequent  popularity  among  soldiers,  and  (b)  the 
singleflange  earplug,  the  V-51R,  which  was  devel¬ 
oped  over  45  years  ago,  and  k  used  as  a  backup  plug 
for  difficult-to-fit  cases,  particularly  those  soldiers 
whose  ear  canak  are  excessively  crooked.  Although 
both  of  these  preformed  earplugs  are  available  in  ^ 
private  sector,  only  the  military  color-codes  them  ac¬ 
cording  tosizeand  mandates  that  all  sizes  beavailable 
for  fitting  and  issue. 

Although  the  army  sometimes  uses  hand-formed 
earplugs  of  foam  or  silicone,  those  installations  that 
use  them  in  hrge  numbers  often  dktribute  them  with¬ 
out  proper  instruction.  Thk  k  reflected  in  data  that 
show  iiKieased  hearing  threshold  shifts  among  large 
numbers  of  personnel  who  are  reported  to  be  hand- 
formed  earplug  users.  Hand-form^  earplugsarebest 
used  for  vkitors  or  other  transient  personnel  who  do 
not  have  their  fitted  hearing  protectors  with  them  at 
the  time. 

Although  noise  muffs,  ear-canal  caps,  and  noise¬ 
attenuating  hdmets  are  also  approved  fn  use,  they  are 
usedlessf.’equently.  InstaQationswithanindustrialbase 
should  use  more  iwise  mufis,  because  they  nune  effec¬ 
tively  prrotect  against  intermittent  noise.  Noise  muffs 
are  available  as  safety  devices  and  are  worn  with 
susprension  systems  over  the  head,  behind  the  head,  or 
under  the  chin.  Authorization  has  been  granted  to 


Fig.  7-22.  The  types  of  liearing  prrotection  used  in  the  US  Army.  These  data  were  obtained  from 433,421  refereiKeaudiograms 
conducted  from  1985  to  1989.  Source:  Donahue  AM.  Hearing  Conservation  Data  Profile.  Aberdeen  Proving  Ground,  Md:  US 
Army  Environmenul  Hygiene  Agency;  1991.  Armywide  database  51-34-0251-91. 
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purchase  noise  muffs  from  comtnetdal  sources.  Com¬ 
mercially  available  recreational  muffs  with  built-in 
radiosarenotapproved  forbearing  protection.  Sound 
levels  from  radio  earphones  may  pose  a  potential 
auditory  hazard  as  well  as  a  safety  hazard  because 
wamingsignalsmaynot  be  heard.  Incomparison.ear- 
cana!  caps  area  medical  item  and  are  restricted  to  noise 
enviroiunents  under  95  dBA.'^  Signiheant  differences 
exist  in  the  issue  and  maintenance  of  the  two  types  of 
noise^ttenua ting  helmets:  aviator  helmets  (SPH-4  and 
IHADDS)  and  the  armored-vehicle  crew-member  hel¬ 
mets  (DH-132).  Aviator  helmets  are  items  of  indi¬ 
vidual  issue.are  fitted  individually,and  are  well  main¬ 


tained,  but  the  armored-vehkle  helmets  are  not.  Every 
time  these  helmets  are  cliecked  in  the  field,  between  30% 
to  40%  of  them  are  unserviceable  because  of  missing  or 
hardened  earcup  seals  or  nussing  chin  straps  or  boir. 

Earplugs  are  invasive  medical  devices  that  must  be 
order^  tlmugh  medical-supply  channels  and,  in  the 
caseof  sized  preformed  earplugs,  mustbe  fitted  under 
medical  supervision.”  In  contrast  to  the  privatesector, 
where  less  than  20%  of  the  occupational  health-hear¬ 
ing  conservation  programs  maintain  records  on  hear¬ 
ing  protectors,  the  army  closely  monitors  sizing  distri¬ 
butions.*’  Although  neither  of  the  sizing  distributions 
shown  in  Figures  7-23  and  7-24  is  considered  ideal. 


Fig.  7-23.  The  sizing  distribution  of 
311,180  pairs  of  triple-flange  earplugs 
fittrf  from  1985  to  1989.  The  Hearing 
Evaluation  Automated  Registry  Sys¬ 
tem  (HEARS)  program  counts  the  size 
of  the  left  earplug  only.  Source: 
Donahue  AM.  Hearing  Conserattion 
Data  Profile.  Aberdeen  ftovingGround, 
Md:  US  Army  En\'ironmentaI  Hygiene 
Agency;  1991.  Armvwide  database  51- 
34-0251-91. 


Fig.  7-24.  The  sizing  distribution  of 
42,419  pairs  of  single-flange  earplugs 
fitted  from  1985  to  19o^>.  (My  the  size 
oftheleftearplugwascounted.Source: 
Donahue  AM.  Hearing  Conservation 
DiitePro^.  Aberdeen  l^avingGround, 
Md:  US  Army  Environmental  Hygiene 
Agency;  1991.  Armywidedataba%51- 
34-0251-91. 
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data  will  be  available  in  the  next  f  «v  years  that  will  be 
used  to  issue  standardson  appropriate  sizingdistribu- 
tions,  depending  on  age  and  gender.  For  the  present, 
trends  are  identifled  army  wide  and  locally  to  monitor 
fitting  procedures.  For  example,  an  increase  in  average 
age  is  expected  vnth  an  increasing  size  of  eai|dugs,  and 
females  are  expected  tobeskew^  toward  the  smaller 
sizes.  The  data  available  on  the  number  of  individuals 
who  requiiea  different-sized  earplug  in  each  ear  are  also 
suspect  (Figure  7-25).  Under  carefully  controlled  fit¬ 
ting  environments,  at  least5%  to  8%  of  persoiuiel  using 
thesingle-fiange  earplug  have  been  found  to  requirea 
different  size  in  each  ear.  Only  1  %  to  2%  of  those  who 
use  triple-flange  earplugs  require  different  sizes. 

Medical  personnel  are  instructed  in  fitting  tech¬ 
niques  with  an  emphasis  on  comfort  and  proper  seal. 
Ib^arealso  taughttoexploitartd  antkdpatepiroblems 
associated  with  the  occlusion  effect.  For  example,  if 
earplugs  (or  other  types  of  hearing  protectors)  are 
worn  properly,  the  individual's  own  voice  will  sound 
lower  in  pitch  to  him  orher.  lnaddition,an  individual's 
dnnitus  will  be  more  apparent  when  hearing  protec¬ 
tion  b  worn,  particularly  when  the  earplugs  are  fitted 
in  a  quiet  clmic  or  clas.sroonL  Other  issues  such  as 
excessive  cerumen  tnd  ti>e  cough  reflex  are  addressed 
in  traming  materials.^ 

The  army  has  developed  an  olive  drab  earplug 
carrying  case  that  blends  with  the  color  of  the  battle 
dress  uniform  (BDU)  and  does  not  reflect  light  Com¬ 
manders  should  be  encouraged  to  require  that  thecase 
and  earplugs  be  worn  on  the  BDUs  to  ensure  their 
availability.'* 


An  earplug-insertion  and  -seating  device  is  also 
included  in  the  carrying  case  for  the  two  preformed 
earplugs.  Theearplugsmustbesoftandcompliantfor 
the  Werner's  comfort  and  able  to  obtain  a  proper  seal; 
however,  individuals  whose  fingeisare  wideand  blunt 
will  have  difficulty  inserting  their  earplugs  properly. 
Sea  tingdevices  make  insertioneasierfor  these  wearers 
(Rgure  7-26)  and  improve  noise  reduction.” 

Noise  reduction  ratings  (NRR)  that  are  obtained  in 
laboratori'is  with  experimenter-supervised  fittings 
have  proven  to  be  virtually  worthless.  Numerous 
studies  havedemonstrated  the  futility  of  attemptingto 
predict  protection  in  the  worlq:dace  based  on  NRRs. 
The  army's  approach  uses  Or)  an  approved  set  of  high- 
quality  hearing  protective  devices;  (b)  emphasis  on 
proper  fit  and  mstruction;and  (c)single-numt^,across- 
the-board  limits  for  ttoise  exposures.  DAPAM4()-501 
contains  tables  that  detail  these  limits. 

Theoretically,  almost  all  noise-induced  hearing  loss 
that  is  incurred  during  routine  training  exercises  is 
preventable  if  approv^  hearing  protectors  are  prop¬ 
erly  used.  However,  an  obvious  gap  exists  between 
throry  and  reality:  hearing  conservation  experts  often 
say  that  the  best  hearing  protector  is  tlie  one  that  is 
worn.  The  expectation  that  protective  devices  will  be 
worn  only  when  the  policy  is  enforced  rather  than 
when  thedevicesareiirdicatedmayhavebet-nrealistic 
for  hearing  conservation  programs  in  their  develop¬ 
mental  stages.  However,  current  army  occupational 
health  programs  have  reached  a  level  of  sophistication 
and,  therefore,  the  expectation  and  provision  of 
adequatehearing-protectivcmeasuresshouldberaised. 


Hg.  7-25.  Thesedistributions  pertain  to 
the  armywide  data  reported  in  Hgs. 
7-23  and  7-24.  If  they  are  fitted  prop¬ 
erly,  the  percentogeofdifferentsizesof 
sing^fl^geearplugsshouldbeatleast 
5%  to8%:42,419stngle-fIange  earplugs 
arMl3n,180tripIe-flmgeearpIugsffoin 
1985  to  1989.  Source:  Doredme  .AM. 
Hearing  Conservalhn  Data  Pn^e.  Aber¬ 
deen  Proving  Ground,  Md:  US  Army 
Environmental  Hygiene  Agency;  1991. 
Armyti-ide  database  51-344)25I-91. 
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EARPLUG  SEAVNG  DEVICE  AND 
CARRYING  CASE 


I  WlE-AANQE  EARPUJGS  INSSnXM  NSmxniONSt: 

A.  teenr  STB4  OF  PU»  M  0(>e<  BC  OF  CASE  uo. 
&PUSMA*O%mGUPUJQTDMMH)nEAR-C81TBt0FHEAD. 


I  SaiQLE-FlANGE  EMVIUGS  fNSannN  MSmiCIIONS); 

A.  GRASP  miG  TAB  aETWE»  IHWB  AMO  FOnSMOet  MD 
MSERT  MTO  EAR  CANAL 

a.  USE  POMTEO  END  OF  CASE  UO  TO  MPROVE  SNUG  RT. 


I  GeCHALMSmuCTIONS: 

A.  WHBI  MOT  M  USE.  Km>  PUXS  M  CARRYMa  CASE. 

B. 8GURETHATPlJUGSAflECI£MCO«WTHSOM>ANO 
WATER  AMO  ARE  CRT  MRB«  RETUaCD  TO  THE  CASE. 

C.  VICAR  YOUR  EMPUJOCARRYMO  CASE 
fNITHEARPtUQSIASPMTTOFYOUR 
WORK  UMFORM.  THEY  ARE  PMtT  OF 
VOURPERSOHALBSUEANOARETOBE 
RETAMEO  UPON  CHANGE  OF  STATIONL 


lUAC  AMD  UAPUn  MBdEA  nAHC  MMCrUECIM  as.  MN 


Rg.  7-26.  This  instmctkmal  poster  provides  uisertion  instructions  and  shows  ihe  seating  device  and  carrying  case  for 
preformed  earplugs.  Source:  DA  Poster  40*501 E,  April  1991. 


The  MilHaiy  Oocupatioiul  Healtfi  Vdikie 

Visits  to  fixed-site  health  facilities  for  medical 
surveillance  cm  remove  persoiutd  from  their  jobs 
for  up  to  cme-half  a  woik^y.  Military  audiologists 
originally  used  rrtilitary  occupatxmal  health  vdu- 
cIes(MCXiVs}withaudiometric-testmgcapabilitksto 
alleviate  this  problem  at  Fnts  Carson,  Bragg,  Knox, 
and  CampbdL  Multiphask  testing  capability  was 
devdoped  in  an  MOHV  at  Fort  Eustis.  In  the  spring 
of  1968,  the  army  ridded  MCMVs  with  capabilities 
induding  audiometry,  vision  screening,  puhrurnary- 
fiinction  testing,  blood-pressure  soeerurtg,  dectxo* 
cardiography,  and  venipurKture  to  16  major  instal¬ 
lations. 

Hearing  conservation  activities  occupy  most  of  the 
^>ace  and  the  operation  time  of  foese  NKHiVs  (Figure 
7-27).  An  orientation  room  is  used  for  fitting  earplugs 
aiki  for  healdi-educaticn  activiries  drat  are  facililated 
by  a  tdeviskm  monitor,  earphortes,  and  a  video  cas¬ 
sette  recorder. 

Aodiofnelfk  Monitoring 

AudiometricRKNUtmingdetectsdiar^esinhearmg 


senshivity.  Individuals  who  are  susceptible  to  noise- 
induced  hearing  loss  can  be  identiri^  before  thdr 
hearing  sextsitivity  evolves  into  a  conununication 
handicap.  In  addition,  statistical  trends  of  hearir^ 
thiesholdshilftscanbeusedtodetenninefoeefiective- 
ness  of  hearing  coiTservation  programs. 

The  HEARS  registry  is  a  part  of  the  Occupatkmal 
Health  Management  Information  System  (CXIMIS) 
and  provides  automated  testing  and  data  to  a  local 
manager's  module.  HEARSbalsodesignedtotraxe- 
feraudiorrretric  information  from  the  iristallation  to  its 
army  wide  database.  Quarter^,  the  HEARS  database 
is  compared  to  personnd  tapes,  and  audiograms  of 
tormergovemmentempioyeesarearchived.  Theflow 
of  information  is  circular,  with  theannywide  database 
providing  rveeded  infonrtation  to  the  installation 
manager'smoduleandaudioineter  sites  (Figure7-28). 
Access  to  the  database  is  limited  to  ttie  Cn%,  Health 
Setvkes(Zbirunarid(HSOHeadquarters,arHltefuric- 
tional  pioportent  for  the  system,  the  Bio-Acoustics 
Division  of  USAEHA  Armywide  and  trtajor  army 
commaikl  comparative  data  are  included  in  a  user's 
guide.  The  operations  of  the  HEARS  audiometer  and 
nunager'sm^uleaiedetailed  in  USAEHA Teduiical 
Guides  167A  and  167B.’^'* 
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Eqi^ptmrX  BtotogiMl  Rafrigaralor 


ng.  7*27.  An  aerial  view  of  the  floor  {dan  for  the  Militaiy  Occupational  Health  Vdiide  (MOHV).  When  the  MC^V  b  tis«d 
exdusivdy  for  audiometric  monitoring,  six  {xople  can  occu{^  the  audiocnetiic  booth.  Six  others  can  be  fitted  with  eai{dugs 
and  briefed  on  hearing-conservation  treasures  in  the  orientation  room,  Photograpl..  Courtesy  of  the  US  Army  Environmen- 
tal  Hygiene  Agency,  Aberdeen  Provii^  Ground,  Md,  1991. 


fHlRTOETRICXmFORMATION  SYSTEM  CENTBl  MSTALLATKW 


'This  capaIxMy  it  cumniy  urxtor  dev^opmanl 


I1g.7-2S.  HEARS  data  flow  between  Fort  Detridc  InfbrautkmCenterand  the  installation.  Source:  US  Army  Environmental 
H  giene  AgeiKy.  Hearing  Evaluation  Automated  Registry  System  (HEARS!  Audiometer  Opmilkni  Manu^.  Aberdeen  Proving 
Ground,  Md:  USAEHA;  1991.  Technical  Guide  167A^  Available  from  the  USAEHA,  BkvAcoustks  Division,  Aberdeen 
Provhrg  Ground,  MD  21010-5422. 
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Personnel  Testing  Re^fuirements 

All  soldiers  are  required  to  receive  reference  and 
termination  audiograms,  and  noise-exposed  soldiers 
must  also  receive  additicmal  periodic  testing  (90  d  after 
reference,  annually,  ai>d  any  indicated  interval  for 
follow-up  testing).  Reference  audiograms  are  used  to 

•  monitor  for  hearing  damage  titat  is  sustained 
during  weapons  qualification, 

•  serveasaba^elineinthesoldier'siikeiyassign- 
ment  to  noise-hazardous  duty  at  some  point  in 
his  or  her  career,  and 

•  provideacmnparative  population  forsoldkts 
who  are  routinely  exposed  to  nmsc. 

Since  soldiers  constitute  a  preselected  population, 
comparisoits  to  public  health  surv^  data  or  other 
databases  in  the  private  sector  would  notbeepidemio- 
logically  valid. 

Civifians  who  are  exposed  routinely  to  hazardous 
noise  recdve  reference,  periodic,  and  termination  au¬ 
diograms  aikl  are  included  in  fite  HEARS  database; 
however,allothersmu$tbeexcIudedtoavoid  corrupt¬ 
ing  the  database.  Deaf  civilians  who  wcnk  in  haza^' 
ous  noise  enviroiunoits  must  receive,  ata  minimum, 
referenceaikl  termination  audiograms.  Although  the 
possil^ty  that  deaf  personnel  will  incur  additional 
hearing  from  noise  is  extremdy  remote,  most  have 
some  residual  hearing  that  should  be  documented  for 
medical  aitd  legal  purposes. 

Audiogram  forms  designed  specifically  for  DoD 
Hearing  Conservation  Programs  are  available  tor  the 
clinical  maitagement  of  iitdividuals  in  the  program. 
The  IX>  form  2215,  Refetmce  Audiogram,  and  the  DD 
2216,  Hearing  Conservation  Data,  were  developed  fiom 
U5.Air  Fence  forms  in  tire  late 1970s.  Automation  aiKl 
recent  changes  in  Hearing  Cbnservatkm  Program  re¬ 
quirements  have  providdd  the  impetus  for  fbnais  revi¬ 
sions,  which  are  imminent 

The  HEARS  audkaneter  prints  completed  audio- 
grams  for  the  health  record  a^  creates  a  record  layout 
file  of  rdevant  fields  for  uploading  into  the  manager's 
module  atKl  into  the  HEARS  army  wide  database. 

Variables  in  Andiometrjf 

Accurate  audiometric  evaluation  of  military  per- 
sorutel  has  historically  not  been  empha^zed  in  policy 
directives.  The  army's  documentation  of  rvidespread 
invalid  test  results  in  the  past  testifies  to  its  lack  of 
attenfion  to,  and  limited  afqrieciation  of,  the  variaUes 
that  must  be  controlled  durmg  a  hearing  evaluatkm. 

Hearing  is  rtot  tested  directly  with  the  conventional 


pure-tone  threshold  audiometry  used  for  hearing  con¬ 
servation  survdllance,  but  by  interpreting  a  behav¬ 
ioral  response  to  a  pure-tone  stimulus.  Test  results 
reflect  the  adequacy  of  the  test  envirorurtent,  five  in¬ 
structions  that  arc  provided,  the  threshold  technique 
that  is  used,  the  calibration  of  the  audiometer,  and  the 
motivation  of  the  examinee.  The  HEARS  audiometer 
includes  several  features  designed  to  control  for,  but 
rtot  to  eliminate,  these  variables. 

Audiontetric  technicians  are  required  to  have  suc¬ 
cessfully  completed  a  minimum  of  3  days  of  trairting 
specified  by  the  Council  for  Accreditation  in  Occupa¬ 
tional  Hearing  Conservation  (CAOHO,”  whether 
they  arc  corpsnten,  nurses,  or  health  tedinidans.  Al¬ 
though  physidansattdaudiologists  arc  excluded  fimn 
such  training  requirentents,  they  should  be  aware  of 
the  salient  elemrats  of  an  audiontetric  technician's 
training. 

The  HEARS  audiometer  is  configured  in  one-,  two-, 
four-,  six-,  aitd  eight-station  urtits.  A  talk-over  mode 
permitssupplementaliitstructiortsforindividualswho 
experiettce  difficulty  during  the  test  Fault  codes  alert 
the  technician  if  an  examirtee  is  rtot  proceeding  appro¬ 
priately,  attd  recontmettded  irtstructions  are  available 
on  the  screen  ntortitor. 

The  HEARS  audionteter  emf^ys  a  threshold-de- 
termination  technique,  based  on  a  psychophysical 
methv  ^flinutsthatisbesturtderstoodasabracketing 
procedure.  For  example,  the  threshold  seardt  begins 
atOdBHTLat  1000Hz,artdirtcreasesin1()-dBirtcre- 
ments  until  the  subject  responds.  Artother  toite  pre¬ 
sentation  at  that  dedbel  level  confirrrts  the  examirtee's 
irtitial  resportse  and  provides  a  rdnfordng  auditory 
intage  of  the  stimulus.  The  level  then  decreases  10  dB 
for  every  response  and  irteteases  5  dB  for  every 
rtonresponse.  Three  respottses  at  otte  dB  level  are 
accept^  as  threshold.  Thistechnique,calledthetrtodi- 
fied  Hughsoit-Westlake  ntethod,  is  the  most  accurate 
method  in  use  and  is  teconunended  by  the  CAOHC** 
In  the  automatic  nwde,  this  process  is  d<me  for  the 
operator.  For  difficult-to-test  examinees,  however,  a 
manual  mode  is  available,  during  which  the  examirrer 
has  control  of  the  interstimulus  interval,  themder  of 
the  test  frequettcies,  arKl  the  levd  of  the  initial  tone 
presentation. 

Currentiy,theHEARSaudiorrtetercarmottesthear- 
ing  below  OdBHTL,  although  some  individuals  may 
be  able  to  hearbdow  this  level  Future  consideratkms 
include  a  modification  (ie,  a  firmware  change)  to  a 
ntiar^rrocessor  chip  in  the  audiometer,  to  add  this 
capability. 

The  pulsed-tone  rtrode  is  defaulted  on  the  HEARS 
audknxMter  tmless  the  continuous-tone  option  is  se¬ 
lected.  Pulsed  tones  can  be  followed  more  earily, 
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particularly  for  individuals  with  tinnitus:  they  can 
sqxuate  the  pulsed  tone  from  their  perceived  constant 
ringing  sensation.  Three  tones,  200  msec  each,  with  a 
50%  duty  cycle  (ie,  50%  of  the  time  the  tone  is  on,  and 
50%  of  the  time  the  tone  is  off)  ate  presented.  The 
exammee  is  allowed  1.8  seconds  to  respond  horn  the 
onset  of  the  stimulus,  herKe  the  need  for  a  prompt 
response. 

HEARS  provides  automatic  retests  to  establish  the 
validity  of  the  data  for  a  variety  of  corKiitions.  The 
standani  retest  at  1000  Hz  must  be  within  5  dB  of  the 
fust  threshold  or  thresholds  obtained  at  other  test 
frequertcies  will  be  suspect  (eg,  learning  may  have 
occurred  or  the  exammee  rrray  have  been  inattentive). 
Other  cortditions  that  prompt  an  automatic  retest  in¬ 
dude 

•  a  50-dB  differetKe  in  threshold  between  adja¬ 
cent  test  hequcndes, 

•  a  threshold  greater  than  30  dB  at  500  Hz, 

•  any  threshold  greater  tiran  90  dB  HTL, 

•  test  frequencies  that  time  out  (ie,  take  longer 
than  30  secoiKis  for  the  examinee  to  determine 
the  threshold),  and 

•  anytestfrequetKyl0(X)to4000Hzwitha20dB 
or  greater  shift  in  either  direction  from  the 
baseline 

HEARS  uses  automatic  calailations  to  limit  techni¬ 
cian  error  and  to  save  processing  time  For  example, 
hearing  thresholds  are  determined  from  the  appropri¬ 
ate  number  and  sequencing  of  responses,  stor^  in  the 
computer's  memory,  and  printed  on  demand.  Simi¬ 
larly,  the  HEARSaudiometer  calculates  military  hear¬ 
ing  profiks,  as  detailed  in  AR  40-501.”’°  IfatefererKe 
audiogram  is  performed  before  noise  exposure  arrd 
entered  into  HEARS,  the  profile  system  for  an  irtduc- 
tion  physical  is  activated.  The  percentage  of  hearing 
loss  bas^  on  the  DOL  formula  iscakula ted  forcivilian 
persotmd  and  printed  as  a  percentage  of  binaural 
impairment 

Periodic  test  results  are  compared  to  reference 
thresholds  and  significant  threshold  shift  (STS)  is  cal¬ 
culated.  Positive  STS  (ie,  hearing  loss)  is  confirmed 
u^g  OSH  A  criteria,  which  state  that  shifts  an  average 
of  10  dB  or  greater  at  2000, 3000,  and  4000  Hz  in  either 
ear  is  an  STS.  The  National  Institute  for  Occ  mai 

Safety  and  Health  (NIOSH)  a^  corrections  ales 
and  females  are  also  iiKorpoiated  for  positive  STS. 
Hearing  loss  attributaUe  to  the  aging  process  is  sub¬ 
tracted  from  the  threshold  shift  Age  corrections  are 
itot  applicable  to  a  itegative  STS  (hearing  improve¬ 
ment). 


Diagnosis  and  Patient  Disposition 

Army  policy  is  to  use  positive  TTS  as  a  marker  for 
individuals  who  are  susroptible  to  hearing  loss,  for 
those  who  are  rurt  in  compliance  with  the  regulations 
regarding  the  use  of  hearing  protection,  cr  both.  SiiKe 
quiet  periods  arc  not  requir^  before  a  periodic  test, 
some  SIS  could  be  temporary.  Follow-up  testing 
confirms  positive  STS. 

The  fir^  follow-up  audiogram  must  be  performed 
within  30  days  of  the  identifi^  STS,  vith  a  minimum 
of  15  hours  before  the  test  free  of  hazardous  noise  If 
positive  STS  persists,  the  individual's  supervisor  is 
notified  andasecondfoUow-upccaminationisicquiTed, 
whidi  must  be  preceded  ly  at  least  40  hours  free  of 
hazardous  after  the  fiik  foQow-up  audiogtant 

After  all  required  follow-up  testing  is  performed, 
diagnostic  testing  helps  the  otolaryngologist  deter¬ 
mine  the  site  of  the  lesion  that  is  causing  the  hearing 
loss,  but  rwt  ttecessarity  to  lower  thresholds  and  defer 
the  reporting  of  permartent  STS.  Obviously,  dinical 
judgments  must  be  made  in  cases  of  malingerirtg  or 
questionable  audiortretry  cm  which  the  refdral  was 
based.  Early  detectionservesthebestinterestofncMse- 
exposed  personnel,  and  in  the  kmg  run,  makes  less 
work  for  medical  persotmeL  Negative  STS  averaging 
10  dB  or  greater  at  2000, 3000,  and  4000  Hz  indicates, 
most  probably,  an  invalid  reference  test  Whenthere 
is  a  negative  STS  on  the  first  follow-up,  the  audiomet- 
ricresults  from  thatfoUow-upmay  be  used  to  establish 
a  new  tefererKe  test  Audiolo^cal  atrd  otological 
refetrak  are  optional  in  cases  of  ttegadve  STS,  and 
referrals  are  oriy  indicated  if  test  results  of  the  first 
foUow-uptestarecpiestionable.  Detailsonrrotification 
arKlrepoTtingofST5,as  well  as  procedures  for  reestab¬ 
lishing  the  referertce  audiogram  are  included  iit  the 
HEARS  Operations  Manual*^ 

The  practice  of  referring  an  ittdividual  for  diagnosis 
before  all  follow-up  testing  is  complete  on  the  HEARS 
audiometer  is  not  advisable.  Audiologists  and  ear, 
nose,  and  throat  (ENT)  tedmicians  may  feel  a  respon- 
silnlity  to  lower  thresholds  by  performing  follow-up 
testing  cm  a  diagnostic  audiometer.  However,  such 
well-irteaning  intentions  raise  the  following  issues:  (a) 
using  the  diagnostic  audiometer  defeats  the  purpose 
of  monitoring  audiometry  and  delajrs  eariy  detectkm 
of  hearing  loss,  and  (h)  in  a  diagncxstk  setting,  nwst 
testers  can  loweran  individual's  threshold  at  a  particu¬ 
lar  test  frequetKy  by  5  dB.  Although  the  hearing  shift 
ntay  no  kmger  total  enough  for  an  STS,  a  5-dB  window 
is  still  within  tsst-retest  reliability.  Moreover,  the 
primary  purpose  of  follow-up  testingis  to  rule  outTTS 
from  noise  exposure. 
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Hiysidan  involvement  in  STS  foUow-up  testing 
ptYxeduresfocusesprimarilyonthediagnosisandany 
recommendations  reganlingpatientdisposition.  Only 
physicians  can  diagnose  noisennduced  hearing  loss, 
and  they  should  use  all  reasonable  methods  of  differ¬ 
ential  diagnosis  before  establishing  this  diagnosis,  in¬ 
cluding 

•  an  investigation  of  the  individual's  auditory 
history  and  previous  hearing  tests; 

•  pure-tone,  air-conduction  measurements 
(which  measure  outer-  and  middle-ear  con¬ 
duction); 

•  pure-tone,  bone-conduction  measurements 
(which  measure  inner  ear  function,  bypassing 
the  outer  and  middle  ears); 

•  speech-reception  thresholds; 

•  speech-recognition  i^.ieasurements; 

•  oto-immittance  testing  (which  measures  the 
impedance  of  the  middle  ear  and  tympanic 
monbrane);and 

•  masking,  when  indicated  (which  isolates  and 
distracts  the  ear  with  normal  hearing  in  order 
to  examine  the  other  ear). 

The  disposition  and  profiling  process  for  hearing 
loss  differs  for  military  and  civilian  personnel  Mili¬ 
tary  personnel  should  be  issued  a  profile  for  hearing 
loss,  if  indicated.  Profiling  procedures  are  listed  on 
DA  Form  3349  (Block  1),  Medical  Conditim-Phfsical 
Pn^le  Record,  and  in  AR  40-501.'®  Disposition  of 
military  persormel  who  have  sustained  hearing  loss  is 
defined  within  the  profile  systerrr.'®  For  the  final 
disposition  of  DA  civilian  personrtel,  Starfda  -d  Form 
513,  Clinical  Record  Consultation  Sheet,  is  used.  Guid- 
arKe  for  civilians  who  have  sustained  progressive 
hearing  loss  is  less  weU  defined  and  involves  case-by¬ 
case  evaluations  and  dose  coordination  with  dvilim 
persormel  officers. 

A  civilian  employee's  removal  fiom,  or  assignment 
to,  a  noise-hazardous  job  poses  a  dilenurra  for  the 
occupatiorral  health  physician,  who  mu^  first  cotr- 
sider  the  army's  general  philosophy  for  dvilian  em¬ 
ployees:  hearing  loss  is  not  in  itself  a  contiamdication 
totheassigrunentof  these  individuals  to  ncHse-hazard- 
ouswoTk,piovidedtheempioyeesareprotectedagainst 
further  hearing  impairment  The  army  makes  the  iob 
safe  for  the  worker.  However,  the  physician  must 
consider  whether  the  mdividual  will  be  a  hazard  to 
him-  or  herself  and  others.  The  physician  b  also 
obliged  to  work  within  the  guidelirres  that  exist  for 
protecting  the  hanuicajmed  from  jd?  discrimination 
and  with  a  Civilian  Personnel  System  that  b  obligated 


to  find  another  job,  which  has  equal  opportunity  for 
advarKement,  fiv  an  individual  who  b  removed  fiirnt  a 
ncHse-hazardous  occupation. 

Unfortunate,  an  inaUlity  to  meet  the  ccxnmunica- 
tion  requiremenb  of  a  jd>  can  only  be  mfetred  fnnn 
dinical  test  results.  Such  a  dbal^tyb  not  easily  docu- 
morted.  Direct  measuremenb  of  fire  rdatkmship  be¬ 
tween  hearii^  loss  and  |ob  perfenmarKe  are  virtual^ 
nonexistent"”  A  stremg  recommendation  fiiat  a  worker 
berenrovedfimnaiobmaybemadeiftesbdememstrate 
diat  die  individual  carmot  hear  vital  acoustic  warning 
signals.  But,  obviously,  rrwdificatkm  of  the  warning 
system  should  be  considered  first 

During  thediagnosticandTefeTTalptxxesses,d)eb5ue 
(rfhearirrg  loss  compensatkmb  sometimes  raised.  Al¬ 
though  die  phy^danbbound  both  edrically  and  legalty 
to  inform  indhiduab  of  dieir  hearir^  losses,  onfy  diose 
offices  and  agencies  charged  with  die  administration  of 
these  programsareauthcnrizedtoassess(XHnpeiisat^fy. 
Regardless  of  the  physician's  intentions,  estimating  a 
padetiPspotentia]  compensation  could  create  oedibifity 
problems  if  the  idiyacian'spredictions  are  not  borne  out 
by  the  actual  procKdings. 

Evaluation  of  Hearing  Conservation  Programs 

The  ability  to  generate  numerous  audiograms  or  to 
distribute  thousands  of  hearing  protectors  does  not 
accurately  measure  the  effectiveness  of  the  army's 
HearingCTcMiservationPrograms.  Onlystatbticaltrencb 
of  hearing  loss  can  objectively  measure  whether  hear¬ 
ing  protectors  ate  being  fitted  and  worn  properly  and 
faithfully.  The  most  usdiil  way  to  evaluate  a  program 
b  to  fo^  on  the  Hearing  Censervadon  Program 
resulte,  not  just  on  the  testing  procedures— on  the 
goab  of  the  program,  not  cm  tlie  detaUs  of  ib  opera¬ 
tion.’® 

Statistical  trends  of  hearing  loss,  participation  in 
monitoring  audiometry,  and  quality-assurance  mea¬ 
sures  can  hdp  to  iden'dfy  ar^  improve  ineffective 
programs.  Such  measures  can  educate  medical  and 
command  personnel  and  also  be  a  source  of  satbfac- 
tkmand  reward  for unitsor  installations  thatpromote 
effective  programs.  For  over  10  years,  HEARS  has 
been  prm^ing  comparative  data  to  installations  and 
major  commaneb.  Recpihemenb  for  local  program 
evaluation  have  recently  been  instituted.” 

Major  army  in^allations  and  medical  centers  have 
one  HEARS  unit  designated  as  a  manager's  module. 
The  HEAPS  manager's  module  has  additional 
computer  storage  capability.  The  software  allows 
mariagement  to  analyze  data  on  participation  in  the 
Hearing  Conservation  Program,  ib  effectiveness,  and 
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quality-assurance  infonnation  on  demand.  In  addi¬ 
tion  to  71  standard  reports,  the  manager's  module 
also  includes  a  nonpro^ural  language  and  a  utility 
called  TABLETALK  that  is  used  to  produce  ad  hoc 
reports. 

Program  Compliance 

Thcnumberof  individuals  who  work  in  hazardous- 
noise  environments  (the  denominator)  can  be  com¬ 
pared  to  the  number  of  individuals  who  are  tested  (the 
numerator)  to  measure  compliaiKe  in  rrtonitoring 
audiometry.  Twenty  standard  reports  are  available 
that  can  be  used  to  identify  the  number  and  spedfk 
individuals  tested.  These  reports  include 

•  the  number  of  tests  administered, 

•  a  list  of  names  and  social  security  numbers 
(SSN)  by  audiometric  test  date, 

•  record  summaries  by  ZIP  codes  (counts  of 
types  of  tests  administered  for  military  and 
civilian  personnel), 

•  distribution  of  individuals  by  job  code, 

•  serial  hearing  threshold  data  for  individuals, 

•  retrievalofaliro2215orDD2216f6rmsforan 
individuaf, 

•  a  list  of  individuals  who  failed  to  take  their 
aimual  tests, 

•  a  list  of  individuals  with  STS  on  their  periodic 
tests  who  require  follow-up  testing,  and 

•  data  regarding  test  counts  by  the  audiometric 
technician's  SSN  and  by  the  s«ial  number  of 
the  audiometer  to  monitor  work-load  data  by 
individual  or  test  site. 

Personnel  turnover  must  be  considered  in  assessing 
an  installation's  rate  of  participation.  Also,  the  re¬ 
quirements  for  90-day  reestablished  reference  audio- 
grams  and  termiiution  audiograms  should  yield  a 
110%  to  140%  rate  of  participation  if  these  additional 
tests  are  included  in  the  numerator. 

Quality  Assurmce 

Qiecking  for  errors,  automatic  retests,  automated 
calculations,  and  automated  data-entries  through 
HEARS  have  controlled  quality-assurance  measures 
significantly.  Twenty-rme  standard  reports  are  avail¬ 
able  on  the  HEARS  manager's  module  to  it«onitor 
potential  problem  areas.  Although  standards  are  still 
being  devdoped  for  most  of  these  measures,  trends 
can  be  identified  and  armj^de  comparative  data  are 
availaUe.  The  quality-assurance  capaldity  of  HEARS 
allows  it  to  generate  reports  concerning 


•  the  same  threshold  at  edl  frequencies  that  are 
tested, 

•  the  absence  of  threshold  entries  at  0  dB, 

•  no  reestablished  leference  audiogram, 

•  an  elevated  threshold  at  500  Hz, 

•  a  negative  threshold  shift, 

•  earplug  sizes  that  varj'  by  the  t)q)e  of  protec¬ 
tors  that  are  used, 

•  the  neetl  for  different  sizes  of  earplugs  in  eadi 
ear, 

•  types  of  bearing  protectors  in  use,  and 

•  multiple  referetKe  audiograms. 

Thequality-assuraiKereportsaredesigned  to  check 
for  a  variety  (rf  potential  problems: 

•  data  fabrication, 

•  acoustic-calibration  deviations, 

•  excessivebackgroundnc^inthetestingenvi- 
ronmcnt, 

•  invalid  reference  audiogram,  and 

•  improperly  fitted  prefornted  earplugs. 

Program  Effectiveness 

Unless  otherwise  specified,  all  of  the  30  possible 
standard  reports  of  program  eff^veness  can  be  tun 
either  separatriy  for  military  and  civilian  persoimeI,CH’ 
can  be  run  according  to  ZIP  code,  job  c^e,  hearing 
protector,  location  (building  number),  or  unit  identifi¬ 
cation  code  (UIO.  However,  data  from  any  report  on 
program  effectiveness  will  be  of  limited  usefulness  if 
there  is  poor  participation  (particularly  among  senior 
military  personnel),  poor  quality  cont^  of  the  audio¬ 
metric  data,  or  a  lack  of  follow-up  testing  to  confirm 
whether  an  observed  hearing  threshold  shift  is  perma- 
itent  or  temporary.  Sources  of  program-effectiveness 
reports  indude  (a)  rttilitary  prof^,  Wi  dvilian  hearing 
lo»  and  potential  compensation  costs,  (c)  hearing 
threshold  shifts,  and  Of)  hearing  threshold-levd  ma¬ 
trices.  A  hearing  threshold  matrix  indudes  distribu¬ 
tions  and  averages  of  hearing  threshold  levels. 

When  military  profile  reports  are  calculated,  the 
most  recent  hearing  test  in  the  database  is  used.  A 
discrepancy  will  exist  between  those  profiles  that  are 
actually  calculated  and  those  thatare  assigned  to  indi¬ 
viduals.  Smilaily,  the  most  recent  hearing  test  and 
pay  grade  ate  used  to  calculate  hearing-loss  percent¬ 
ages  and  potential  compensation  costs  for  civilians. 
The  optkms  to  report  the  data  in  rank  order  either  by 
cost  or  by  the  percentage  of  hearing  loss  are  also 
included.  These  reports  are  limited  to  senior  nredkal 
and  command  personnel  only.  Hearing  threshold 
shift  can  also  be  caloilated  by  the  OKiA  STS,  or  by 
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other  measures  of  threshold  shift  that  combine  mili- 
taiy  and  civilian  persomteL 

Health  Education 

The  characteristics  of  noise-induced  hearing  loss 
make  it  a  difhoilt  subject  to  teach  in  health  education. 
Noisemduced  hearing  loss  is  generally  a  slow,  painless, 
and  bloodless  process.  Hearing  kiiss  horn  noise  is 
insdious  and  is  rwt  always  recognizable  to  die  individ¬ 
ual  until  the  magnitude  of  the  loss  has  reached  moder- 
ate-to-severe  levels.  The  challenge  to  occupational 
healdt  educators  becomes  apparent  when  plac^  in  the 
cofitext  of  the  Accident  IVeinention  Formula  of  the  NSC: 
See  the  hazard.  Understand  the  defense,  and  Act  in  time. 

Nothing  regarding  noise-induced  hearing  loss  is 
tangfde  If  an  ear  were  to  shed  a  drop  of  blood  for 
every  dedbd  of  hearing  that  was  lo^,  the  task  of 
identifying  dtehazard  would  beconsiderabfyeasaer.  The 
usual  progression  of  a  noise-induced  hearing  loss  from 
die  h^  frequencies  down  into  the  low  (or  speech) 
frtequetKiescanpreventantndividualfrDmquidcfyrec- 
ognizir^  a  proUem  and  implementii^  dmdy  action  to 
prevent  adWtional  loss.  But,  as  in  die  case  of  weapons 
fire,  there  may  be  no  second  diaiKe.  Cneaftemoonon 
a  firing  range  can  wreak  havoc  on  unprotected  ears. 

'TJnderstandingthedefense"  against  iKMse-induced 
hearing  loss  is  not  any  more  clear  than  "perceiving  the 
hazard"  to  scnne  of  the  individuals  who  are  at  risk  tor 
it  Most  soldiers  have  been  taught  since  childhood 
never  to  put  anything  into  didr  ears;  they  now  may 
sim^^y  be  handed  a  pair  of  earplugs  when  noise  be 
oomesa  hazard,  withmt  being  instructed  on  their  use 
A  complete  and  thorough  military  or  civilian  health- 
education  program  requires  that  (a)  the  students  over¬ 
come  behavioral  obstacles  or  stereotypes,  (b)  the 
program's  importance  is  emphasized  by  both  com¬ 
mand  and  management,  (c)  ^  importai^  of  acute 
hearing  fix-  combat  effecdvaiess  or  for  die  efficient 
performance  of  duties  is  stressed,  and  (d)  the  proper 
training  aids  and  approaches  are  utilized. 

Behamoral  Obstacles 

A  lack  of  concern  for  hearing  conservatkm  can  best 
beunderstood  and  addressed, both  in  thearmy  and  in 
the  civilian-industrial  sector,  as  a  bdiaviotal  pvoblem. 
Prevailing  attitudes  can  frustrate  the  best-intended 
effints  to  protect  hearing.  ApreventaUeoccupational 
injury  that  occurs  on  a  large  scale  testifies  not  only  to 
thie  pervasive  nature  of  nc^  but  also  to  the  reristance 
against  bodi  hearing  education  and  wearing  hearing 
protection.  Current  challenges  facing  personnel  who 
enforce  hearing  conservation  include  (fit)  auditory  re¬ 


gression,  (b)  anatomical  misinfemnation,  (c)  adapta- 
tkm,  (d)  diat  is  wrongly  equated  widi  power  and 
efficiency,  (e)  denial,  of  die  hazard,  (/)  production  of  noise 
for  social  recognitioii,  arid  (g)  rru^kaoed  priorities. 

Hearing  has  regressed  in  its  importance  to  every¬ 
day  life.  Before  artificial  light  was  invented,  during 
ages  of  nearly  universa)  illiteracy,  humans,  like  other 
mammals,  relied  heavily  on  th^  ears  for  infonna- 
tion.'^”  But  with  the  advent  of  artificial  light  and  the 
scientific  revolution,  learning  became  primarily  vi¬ 
sual  Today,  the  emphasis  is  on  speed  reading  and 
visual  scanning.  Howdoesthissensoryshiftaffedour 
lives?  Problemswidisensoryprocessingaregeneraliy 
tolerated  until  tiiey  become  visual:"”  because  aircraft 
ncHsedoesnotassaulttheeyes,itmaybe  tolerated  until 
it  interferes  with  television  reception. 

Amongthe  medically  unsophisticated,hearingdefi- 
dts  are  associated  with  malfrmction  of  die  ear  canal 
and  the  eardrum  and  the  accompan}ring  erroneous 
bdief  that  noise-induced  hearing  Iok  is  medically 
treatable.  For  example,  some  may  believe  that  "noise 
only  pokes  little  hote  in  your  ea^rums  and  old  Doc 
can  patch  them  up  again,"  or  that  "noise  can  build  up 
extra  layers  of  skin  on  your  eardrum  and  you  can 
toughen  yourearsuptonoise."  Others  have  misinter¬ 
preted  the  limited  boiefitsofcochlearimplants,  think¬ 
ing  that  nerve  cells  can  be  restimulated  back  to  life. 
Individuals  may  also  bdieve  that  a  hearing  aid  will  be 
a  perfect  substitute  for  any  hearing  they  have  lost 
Sc^  in  the  medical  community  take  die  opposite  and 
equally  erroneous  view  that  hearing  aids  cannot  pro¬ 
vide  any  benefit  to  those  with  high-frequency-noise- 
induced  hearing  loss.  InadditkHi,becausetheIayinan's 
knowledge  of  the  ear  does  not  usually  extend  beyond 
the  outer  ear,  health-education  activities  should  refer 
to  hearing  protectors,  rather  thiui  ear  protectors,  when 
protective  measures  and  equipment  are  discussed.” 

Noisemaydamagephyskalhealtfebutpsydiologt- 
cal  adjustments  are  m^e  to  adapt  to  die  noise.  Adap¬ 
tation  b  a  two-edged  sword;  it  can  be  a  saving  grace, 
but  at  the  same  time  it  may  create  a  false  sense  of  wdl- 
being.’*”  The  obvious  danger  of  adaptation  to  tve^b 
that  our  ability  to  recognize  warnings  of  hazardous 
noise  b  lost,  and  we  will  no  longer  react  to  the  haz¬ 
ard."”  Smilarly,  TI5  may  give  the  individual  a  false 
sense  of  security  when  previous  hearing  acuity  ap¬ 
pears  to  have  recovered  after  loud  noise  exposures. 

The  nobe  a  machine  nukes  rruy  errorieously  be 
equated  vrith  ib  power  arid  ctoeratiorul  efficiency."” 
Without  a  noise  accompanying  a  function,  consumers 
often  believe  that  power  arid  efficiency  havebeen  lost. 
For  example,  some  consumers  may  bdieve  that  a 
whimper-quiet  vacuum  cleanerbnot  as  powerfulas  an 
identical  but  noisier  older  model,  and  office  workers 
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have  complained  that  after  their  typewriters'  daddng 
sounds  were  removed,  they  were  notioeaUy  dower  than 
their  noisier,  but  otherwise  identica],  type^ters.’® 

A  reluctance  to  wear  personal  protective  devices 
may  be  a  mechanism  for  coping  with  the  day-to-day 
hazards  of  an  occupation:  the  worker  is  able  to  deny 
thatthe  hazard  exists  if  the  protectiveequipmentisiK^ 
used.  A  form  of  denial  may  also  be  observed  in  those 
soldiers  who  exhibit  "macho"  behavior.  Although 
denial  may  be  more  prevalent  with  lif^threatening 
hazards,  reactions  like  these  to  loud  weapons  fire  are 
not  uncommon.  Dettial  among  young  soldiers  may  be 
transformed  into  feelings  of  indestructibility,  whi^  is 
a  common  trait  of  youth.  In  basic  training  ai>d  ad- 
vaiKed  iitdividual  training,  intimidation  b  often  used 
tobreakthroughattitudestoensure  hearing  protection 
com^diance.  However,  in  duty  assignmertts  that  have 
less  supervison,  con'ipliance  with  pn^xr  and  faithful 
use  of  hearing  protection  may  becom  more  lax. 

Senior  personnel  offCT  greater  challenges  to  health 
educators  than  do  youngo*  soldiers.  Higher-ranking 
soldiers  who  have  lost  hearing  may  choose  to  ignore 
their  deficits,  hoping  that  others  as  well.  Their 
attitude  seems  to  be  that  since  they  have  already  lost 
their  hearing,  there  is  no  reason  to  wear  hearing  pro¬ 
tectors.  Obviously,  they  should  be  convinced  both  to 
protect  the  hearing  that  they  still  have  and  to  set  an 
example  for  their  subordinates. 

Making  noise  can  be  an  attention-seddng  behavior 
that  results  in  at  least  temporary  recogirition  by  peers. 
For  example,  among  youths  whose  unmuftled  cars  or 
iiKrtorcycIes  signal  th^  arrival  at  and  departure  from 
a  scene, 

such  cacophony  gives  them  a  feding  of  being  part  of 
the ‘’in' or ’hip*  crowd ....  It  can  also  be  interpreted  as 
a  protest  against  the  establishments'  highly  orga¬ 
nic,  dull,  quiet  world."*'*’ 

Young  people  with  limited  communication  skills 
may  prefer  simple  words  aiKl  gestures  through  the 
raucous  din.  Noise  also  offers  an  opportunity  to 
invade  another  poson's  space  and  get  much  closer 
while  talking  than  might  otherwise  be  acceptable. 

Other  priority  issues  in  the  worid— drug  abuse, 
crime,  budget  deficits,  homelessness,  hunger,  and  ter¬ 
rorism— overshadow  noise-induced  h«uing  problems. 
Understandably,  a  commander's  priorities  are  simi¬ 
larly  ordered.  Encouragingand  enforcing  compUaiKe 
with  hearing  constuvation  pritKiples  is  difficult  in  a 
militarily  unique  or  industrial  environment  that  is 
fraught  with  li^threatening  hazards  artd  demanding 
traiiungandproductionschedulcs.  Commandersnuy 
use  "realistic  training"  as  theirexcusefor  not  enforcing 
the  use  of  hearing  protection.  In  addition,  the  require¬ 


ment  to  report  for  an  aimual  hearing  test  may  be 
thought  of  as  a  detractor  from  training. 

Command  and  Managemtnt  Emphasis 

Because  most  noise-iirduced  hearing  loss  occurs 
during  routine  traming  exercises,  it  should  be  almost 
cmnpletely  preventable.  A  coiKemed  commander 
can  have  a  dramatic  effect  on  a  Hearing  Gmserva- 
tion  Program.  Health  education  must  be  provided 
for  command  personnd  and  for  all  levds  of  supervisory 
personnd  in  order  to  emjdtasize  foeir  re^xmsibilities  in 
the  Hearing  GmservatkmPrpgiam.  Without  their  en- 
dorsementand  support,  the  program  will  not  succeed. 

The  value  of  the  program  can  be  emphasized  in 
severaicontexts,  but  most  importantly,  theapf^kation 
and  implementation  of  a  Hearing  Conservation  Pro¬ 
gram  is  the  taw.  In  addition  to  existing  OSHA,  DoD, 
aitd  DA  regulations,  the  Fnleial  Employee  Reform 
and  Tort  Compensation  Act  holds  federal  supervisors 
liable  if  they  are  found  negligent  and  not  operating 
within  the  scope  of  their  authority  to  provide  protec¬ 
tive  equipment  Even  supervisors  who  provide  the 
requiredhearingprotectorsmaybeundertheerrone- 
ousassumptkmtlutthesoldieroremployeecanchoose 
whether  or  not  to  use  the  protectors.  Responsibilities 
to  enforce  the  use  of  PTE  and  to  ensure  that  subordi¬ 
nates  report  for  schedu.~*d  hearing  tests  can  be  in¬ 
cluded  inofficersnd  enlisted  evaluation  reports  and  in 
civilian  supervisors'  performance  standards.*”* 

Command  and  supervisory  personnel  may  recog¬ 
nize  the  value  of  a  program  for  hearing  conservation 
when  it  is  explained  in  terms  of  reducing  compensa¬ 
tion  expenditures'or  saving  lost  man-hours  that  are 
caused  by  accidents.  One  study  found  that  the  risks 
attributed  to noiseandhearinglosstogetheraccounted 
for  43%  of  injuries  sustained  in  one  shipyard.'®  This 
study  identified  factors  that  could  int^ere  with  the 
faculties  that  are  needed  for  recognizing  warning  sig¬ 
nals  and  imminent  danger.  Theuseofhearingprotec- 
tion  was  ikH  identified  as  a  factor. 

Combat  Effectiveness 

Senior  commanders  usually  recognize  that  a  Hear¬ 
ing  Conservation  Program  is  valuable  to  soldiers  and 
civilian  workers.  Focusing  cm  hearing  as  our  most 
fHecious  social  and  learning  sense  may  be  of  limited 
value  to  many  command  and  supervisory  personnel 
unless  the  necessity  to  preserve  hearmg  is  iiKorpo- 
rated  into  the  success  of  their  mission,  ^example, 
the  flightsurgeon  responsible  for  medical  plaiming  cm 
the  Son  Tay  prisem  camp  raid  in  Vietnam  insisted  that 
all  troc^  wear  earplugs  while  being  airiifted.  As  a 
result,  when  the  troops  arrived  at  the  prisem  camp  and 
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removed  their  earplugs,  they  found  that  their  hearing 
was  unimpaired  from  the  noise  of  the  helicopters.” 

On  today's  high-technology  battlefield,  good  hear¬ 
ing  is  a  combat  multiplier  and  an  essential  attribute  of 
the  effective  soldier  in  both  offensive  and  defensive 
opeiatkms.^'*  Hearing  is  rtecessaiy  in  offensive  opera¬ 
tions  to  (a)  locate  snipers,  (b)  locate  patrol  members,  (c) 
identify  vehicles,  and  (d)  determine  types  of  booby  traps. 
One  Vietnam  veteran  reported  thatenemy  snipers  could 
be  located  by  the  reports  of  their  weapons,  even  when 
muzzle  flashes  were  not  observed.  In  addition,  patrol 
members  often  guide  nxMe  by  souttd  than  vision, 
especially  when  they  are  on  rtight  patrol  under  a  itew 
moon.  Soldiers  havealsobeenable  to  hearthedifiierence 
between  hostile  and  friendly  fire.  The  alrility  to  deter¬ 
mine  the  number  aitd  location  of  enemy  vehicles  may 
be  crucial  to  the  successful  completion  of  a  mission. 

Oite  Vietnam  veteran  could  distinguish  between 
the  sounds  generated  by  two  types  of  trip  wires.  The 
sound  generated  by  a  trip  wire  that  pulls  the  pin  from 
a  grenade  is  different  horn  the  sound  made  by  a 
pressure-activated  explorive.  Quidc  movement  away 
from  the  grenade  is  required,  but  the  soldiar  must  main¬ 
tain  pressure  on  the  e3qjIosive  until  it  is  deactivated.’* 

In  defensive  positions,  the  soldier  needs  to  hear 
both  perimeter  alarms  that  are  activated  by  sensing 
devices  that  have  been  triggered  by  movement,  and 
enemy  movement  through  leaves,  grass,  and  twigs. 
Experts  have  recognized  the  high^requeiKy  nature  of 
th^  sounds  and  the  necessity  for  r^tivdy  normal 
hearing  to  detect  them.  Soldiers  can  detennine  the 
enemy's  location  by  listening  fm*  sounds  from  wildlife, 
Ioadingcartridges,safietyIocks,anddiedipptng(tfbarbed 
wire.  InVietnam,sokiierscoulddeterminedreproximity 
of  the  enemy  by  the  ce^tkm  of  bird  calls  in  the  upper 
canopy  of  Ok  jungle  ThepreseiKeofbirdsinthel^er 
cara^  meant  that  human  refuse  was  iKaiby. 

Soldiers  must  also  be  able  to  hear  radio  messages 
and  verbal  orders.  Most  military  radios  dip  both  the 
high-  and  low-frequeiKy  sounds.  A  soldier  with  a 
hearing  loss  wUl  confuse  similar-sounding  verbal  or¬ 
ders,  such  as  the  digits  in  a  grid  coordinate.  Good 
hearing  also  aids  in  small-arms  accuracy  and  weapon 
identification.  Soldiers  on  pistol  and  rifle  teams  have 
been  aware  of  the  advantage  of  wearing  hearing  pro¬ 
tection  while  firing  their  small  arms.  Wearing  hearing 
protection  increases  their  accuracy  by  reducing  the 
tendency  to  flinch  at  the  impact  of  the  weapon  and 
normal  hearing  can  discriminate  between  M16  and 
Soviet-made  AK47  rifle  fire. 

PerformoHce  MeasHres 

Until  recently,  the  relationship  between  the  ability 
tocommunkateand  thesuccessfulaccomplishmentof 


missions  could  only  be  suggested  from  anecdotes  or 
inferred  from  vague  clinical  test  results.  A  landmark 
study  from  the  U5.  Army  Human  Engineering  Labo¬ 
ratory  has  provided  the  first  hard  data  of  the  effects  of 
communicationon  performance.'*  Thirty  experienced 
tank  crews  conducted  gunnery  exercises  in  the  Con¬ 
duct  of  Rre  Trainer  (COFT)  tank  simulator  at  Fort 
Knox  imder  five  communication  conditions  ranging 
from  very  good  to  extremely  poor.  Performance  mea¬ 
sures  and  results  indicated  that 

•  the  mean  time  to  identify  a  single  target  in¬ 
creased  as  communication  conditions  were 
degraded. 

•  the  overall  time  to  complete  a  firing  mission 
varied  from  40  seconds  imder  good  communi¬ 
cation  conditions  to90secondsunder  the  poor¬ 
est  conditions. 

•  target  identification  varied  from  a  hit  rate  of 
98%  under  the  good  conditions  to  68%  under 
the  poorest  conditions.  The  percentage  of  en¬ 
emy  targets  killed  alsodecreased  as  communi¬ 
cation  was  degraded  (Figure  7-29). 

•  commands  conununicated  incorrectly  varied 
from  1%  to  37%  over  the  range  of  communica¬ 
tion  conditions.  As  a  result,  the  percentage  of 
time  the  crew  was  killed  by  the  enemy  ranged 
from  7%  under  good  communication  condi¬ 
tions  to  28%  under  the  poorest  conditions. 
Rgure7-30shows  the  percentageof  fire  thathit 
the  wrong  target’®' 

Training  Aids  and  Approaches 

Effective  health  education  will  result  in  or  rrinforce 
thefrithfuland  properuseof  hearingprotectors.  Com- 
pliaiKe  with  hearing  conservation  measures  is  indi¬ 
vidualized  highly  for  both  the  military  and  thedvilian 
sector. 

Personal  testimonials  from  peers  or  respected  se¬ 
nior  persoimel  on  the  dehabilitating  effects  of  their 
hearing  loss  or  the  importance  of  hearing  in  combat 
may  be  effective  as  teaching  tools.'*'"'  For  example, 
the  film  SoundsofCombal  was  introduced  by  a  sergeant 
major  and  Medal  of  Honor  winner.'*  Individuals 
like  these  have  credibility  with  soldiers  when  thqr 
attempt  to  link  good  hearing  to  the  success  of  a  combat 
mission. 

Individual  counseling  can  be  most  effective,  par¬ 
ticularly  w*'cn  it  is  personalized.  Demonstrating  to  a 
30-year-o.  '‘ 'V.  .geant  that  he  has  the  hearing  of  an  80- 
year-oldmancanbeconvindng.  Trainingakls,  unique 
to  the  military  and  designed  for  this  purpose,  are 
available  through  publication  and  audiovisual  sup¬ 
port  centers. 


Fig-  7-29. 1’erformanco  mcasuro  as  a  function  of  five  conditions  of  speech  inteiligibilily.  For  3(1  experienci'd  tank  crews  in 
a  tank  simulator,  as  their  speech  intelligibility  wasdegraded  their  kilk<d  targets  also  decreased.  S«>urce:  GarinthcrGK.  Peters 
LJ.  Impact  of  communications  on  armor  crew  pt-rformance.  Amy  Kes,  Dtivloimcnl.  &  Acqwi^ttioii  Hull.  I990;|anuary- 
February:l-3. 


Fig.  7-30.  Percentage  of  episode's  in  which  the  wrong  target  was  shot  as  a  function  of  the  five  c«»nditions  of  speefh 
intelligibility.  Source:  Garinther  GK,  Peters  l.f.  Imp.rct  of  communications  e»n  armor  crew  performance.  Army  Kcs. 
Diivh’i'mcitl.  &  Ao]ui<ititm  Hull.  I99(l;januar\'-Febniary:l-S. 
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SUMMARY 


Noise-induced  hearing  losses  can  occur  painlessly, 
are  preventable,  and  will  become  permanent  if  effec¬ 
tive  hearing  conservation  programs  are  not  enforced. 
The  effects  of  noise  on  the  complex  auditory  mecha¬ 
nism  depend  on  the  physical  characteristics  of  the 
noise  stimulus,  the  duration  of  exposure,  the  audio¬ 
metric  fretjuency,  and  the  type  of  noise. 

Factors  that  account  for  varying  degrees  of  suscep¬ 
tibility  to  the  hazardous  effects  of  rtoise  are  under 
constant  investigation.  The  dynamic  processes  and 
intricacies  of  the  auditory  mechaitism  make  it  impos¬ 
sible  to  formulate  the  exact  relationship  between  the 
noise  exposure,  the  receiver,  and  the  amount  of  hear¬ 
ing  loss  that  is  sustained.  Awarenessofchangesinthe 
auditory  medranism  following  exposure  tohazardous 
noise  should  assist  the  physician  in  evaluating  co¬ 
chlear  function. 

The  army  attempts  to  pre\'ent  hearing  loss  through 
the  coordinated  application  of  sev'eral  program  ele¬ 
ments.  No  single  program  element  can  function  eff^- 


tively  without  all  the  other  elements,  which  include 

•  noise-hazard  evaluations, 

•  posting  of  noise-hazardous  areas  and  equip¬ 
ment, 

•  engineering  controls, 

•  useofPPE, 

•  audiometric  monitoring, 

•  health  education,  and 

•  Hearing  Conservation  Program  evaluation. 

Effective  hearing  conservation  programs  are  char¬ 
acterized  by  well-defmed  responsOrilities  among  par¬ 
ticipants,  and  the  presence  of  a  single  individual  who 
hmdions  as  both  a  catalyst  and  a  linchpin  to  ensure 
the  implementation  and  the  coordination  of  all  pro¬ 
gram  elements.  The  program  is  best  implemented  as 
a  focet  of  combat-readiness  medicine,  with  hearing 
preservation  incorporated  into  the  overall  success  of 
the  mission. 
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INTRODUCTION 

Ocular  trauma  is  the  sixth  leading  cause  of  blind-  ganiscm  or  on  the  battlefield.  While  stationed  in 
ness  in  the  wodd  following  tiadioma,xerq>hthalinia,  ganison,itisnotunieasonabletoassumethats(^diers 
(MKhocerciasis,cataractfonnatkm,andgIauoc^.' Ap-  will  suffer  types  and  huidence  of  ocular  injuries  ami- 
proxiinatdyZ4millionindividualsintheUnitedStates  lar  to  thdr  civilian  counterparts.  However,thebattle- 
sustainocularinjuriesaimuaIly;ttuH'edianone-ha!f  of  field,  liice  the  irtdustiial  wcnkplace,  nuy  bebodi  haz- 
these  injuries  occur  to  iiidividuals  under  25  years  erf  ardous  and  ktiiaL  In  various  worldwide  military 
age.^  Approximately  40,00c  of  them  will  su^  some  conflicts,  ^injuries  account  for  an  estimated  4%  to 
degree  of  visual  impairment  arul  an  estimated  1,500  9%  of%vartimeinjuries.^^Sddier5withbattlefiddeye 

will  lose  flteir  sight  permanently.  Current  estimates  injuriesmustbeevacuatedtoafourth-ediekmmedi^ 
show  that  ntoreflran 900,000  individuals  in  the  United  orratment£ad!ity(KfTF)fordefinitiveoidrdialmictreat- 
States  have  pemranent  visual  impairment  caused  by  ment  and  mi^  not  return  to  duty;  even  superficial 
injury;  75%  have  ononocularUrndness.^  foreign  bodies  in  the  eye  will  Licapadtato  a  soldier  at 

Ocular  injuries  are  not  without  sgnificairt  financial  least  24  to  48  hours.  To  militaiy  commanders,  loang 
costs.  Nationwide,  ocular  injuries  account  for  an  esti-  4%  to  9%  of  their  soldiers  to  ^injuries,  even  tempo- 
mated  direct  cost  of  approximately  $300  million  in  ranly,  may  mean  the  difleterKe  between  wirmtng  or 
medical  bills,  compensation,  and  lost  production  time.  losing  a  battle.  Asaresulteffortsarecunrentlyunder- 
Fbr  example,  in  1980  flte  state  Ohio  reported  6,457  waytoimproveeyeprotectkmairdreduoed^litating 
work-rdated  acddenls  tlutinvolvedeyeinjuries,  vnth  ocular  iiquries  boflt  in  garrison  attd  on  the  batflefidd. 
directmedkalandworicer<Dmpensationcostsofnear!y  As  compensation  costs  continue  to  rise,  protecting 
$20  million— apfmndmatdy  $3,067  per  injury.  TItese  aixlconservii^visionhastakenoniiKieasedimpor- 
figurcs  do  iK>t  mdude  either  the  associated  costs  of  tance.  Iiutialeffortsinoccupationalvisionfsometiiites 
painandanguishthateyeinjuriesandUirKlnesscause  referred  to  as  industrial  vision  or  eye  safety)  were 
ortheindirectcostsQe^ie»andjudgments,titt«e)ost  directed  toward  reducing  eye  injuries  by  providing 
ftomwotk,costsassociated  with  trainir^  replacement  civilian  employees  wmi^g  in  eye-haza^ous  areas 
workers,  (M*  costs  of  repairing  damaged  equipment).  with  indushial  safety  glasses.  In  1992,  oocupatkmal 
ExpertsestimatethatflieindirectcostscanbeS  tolO-  vision  eflortswifliin  the  army  evolved  to  beomte  the 
fold  higher  than  the  direct  costs.*  Viskm  Conservation  Pfogrant,  a  more  encompasatrg 

Statistics  on  irKlustrial  ocular  injuries  artd  prin-  programonnposedofthreepTDgramelementsfoccu- 
dplesusedinmdustry  to  protect  the  eyes  arvl  vision  patkmal  vision,  eye  safety,  airdenviromnental  vision) 
h^e  direct  aj^rlication  to  active-duty  soldiers— in  and  directed  toward  both  sddiers  and  civilian  workers. 

LEGISLATION  AND  GOVERNMENTAL  AGENCIES 

The  concept  occupaticmal  safety  and  health  is  probiemsfluoughresearchaitdstudyprogranrs.  State 
rdatively  new,  havmge^ved  over  the  last  100  years.  laws,however,generaltylackeduiuformity(ficDmstate 
During  the  19th  century,  oiv4he-job  safety  (induding  to  state)  attd  tended  to  be  poorty  enforced  due  to 
eyesa^)wasocmsideredtobethere^)oitabilityof  insufficient  resources  to  hire  irtspeetkm  staffs.' 

«k1i  individual  employee,  with  employ^  assurrting 

little  or  tto  liability  in  the  event  of  an  accidettt  or  deadt.  Ocoqtafional  Safety  and  Healfli  Ad 

The  federal  govenurtertt  did  not  become  involved  until 

the  mid-188Qs,aitdits  focus  was  on  job  safety  (die  pte-  Overthettext50yeai5,variousfedetaimitiativesto 

ventionofwoik-relatedacddatts,injuries,r^d6aths)  improveoccupationalsafetyandhealthwereenacted, 
rather  than  occupational  health  (the  prevention  and  cuhnmatit^wrdtPuldicLaw91-596,lheOcatpational 
control  of  work-i^ted  envirsnittenta!  dborders).  Be-  Safety  artd  Health  Ad  (OSKAd),  which  President 
tween  1890  attd  1920,  state  goverrtmentsbecanterrtoce  Ridtard  M.  Nixon  signed  on  Deceniber  29, 1970,  artd 
active  in  job  safety- artd  occupetional  heahh-degisla-  which werttintoefiedin  April  1971.  Thegmeial-duty 
tkm,  while  the  federal  go\*enurtent  approached  h^idt  dause  of  the  OSHAd  emphasizes  that  each  onpiqyer 
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shall  furnish  toeach  of  his  employees  not  only  employ- 
meat  but  also 

a  place  of  employment  free  from  recognized  hazards 

that  are  causing  or  ate  likely  to  cause  death  Of  serious 

physical  harm  to  his  empl^ees.*'^’ 

In  addition,  employees  are  required  to  comply  with 
the  standards,  rules,  and  regulations  of  th't  OSHAct 
and  are  resportsiUe  for  their  own  actions  and  conduct 
These  prc-.isions  apply  to  safety  in  general  as  well  as 
to  eye  safety. 

Most  of  the  OSHAct  regulations  that  pertain  to 
vision  conservation  are  found  in  Title  29,  Code  of 
Federal  Regulations,  Section  133.“  These  regulations 
assert  that  protective  eye  and  face  equipment  shall  be 
required  when  there  is  a  reasonable  pr^bility  of  the 
type  of  injury  that  this  equifnnent  can  prevent  Eye 
protectors  must  provide  adequate  protection  against 
certain  hazards,  be  reasonably  comfortable,  fit  snugly 
widKNit  interfering  with  the  wearer's  movements,  be 
durable,  toteratedlsinfcction,beeasiiycleaned,and  be 
kept  in  good  repair.  Workers  who  require  corrective 
leiises  shall  have  the  optkm  <rf  wearing  prescription 
industrial  safety  eyeglasses,  goggles  over  their  ordi¬ 
nary  dress  safety  glasses,  or  goggles  that  itKorporate 
correctivelerrsesrtwunted  behind  the protectivelenses. 
Eye  protectors  must  be  distinctly  maulced  to  fiKdlitate 
their  identificatkm  as  approved  industrial  safety  de¬ 
vices.  The  design,  constructkm,  testing,  and  use  of 
ocular  and  facial  protectorsshall  be  in  accordaiKe  with 
American  National  Standard  Institute  (ANSI)  Stan¬ 
dard  Z87.1." 

Occopatiotul  Safety  and  Healdi  Administration 

The  Occupational  Safety  arvl  Health  Administra¬ 
tion  (OSHA)  has  primary  responsibility  for 

•  developing  mandatory  job  safety  and  health 
starxlards, 

•  enforcing  the  OSHAct  through  in^rections  of 
the  worlqdace, 

•  maintaining  a  recordkeeping  system  to  moni¬ 
tor  job-related  injuries  illnesses, 

•  implementing  programs  to  reduce  wtnkplace 
hazards,  and 

•  researching  oocupaticnal  safety  and  health  issues. 

091A  requires  that  employers  provide  protective 
eyewear  that  meets  ANSI  standards  at  no  cost  to  the 
employee.'®  Employees,  management,  and  even  visi¬ 


tors  must  wear  approved  eye  protection  when  they 
enterorworkinaneye-hazardousaiea.  Insomestates, 
employers  are  required  to  provide  any  rdated  techni- 
cal  services  such  as  frame  selection,  lens  design,  order¬ 
ing,  verification,  and  fitting  that  are  needed  whenever 
corrective  lenses  are  worru'^  OSHA  ntles  also  require 
that  employers  provide  safety  training,  including  eye- 
safety  training. 

However,  OSHA  does  not  require  employers  to  pay 
for  their  employees' vision  examiirations.  Some  fed¬ 
eral  ageiKies,  including  the  Efeprtment  of  Defense 
(DoD),  have  taken  the  initiative  to  provide  vision 
examinations  for  their  employees  wlw  work  in  eye- 
hazardous  areas.  Most  agerKies  have  fourtd  that  by 
providing  eyeexaminations,  they  ensure  that  employ¬ 
ees  can  see  well  eruHigh  to  perform  thdr  jobs;  wori^ 
productivity  improves  and  the  risk  of  co^y  eye  inju¬ 
ries  is  redu^. 

Nalknal  liMliliite  for  OectqMfioiul  Safety 

In  conjunction  with  the  passage  of  OSHAct,  the 
National  Institute  for  Occupational  Safety  artd  Health 
(NIOSH)  was  formed  as  a  divisimi  of  the  Department 
of  Health,  Educatiort,  and  Welfare  (rww  the  Depart¬ 
ment  of  Health  and  Human  Services,  DHHS)  to  assist 
in  developing  safety  and  health  standards.  Cotrse- 
quently,  MOSH  is  responsible  for  identifying  occu- 
pationitl-safety  and  occupafiorral-health  hazards  Ity 
gatheringmformationthrwghwcrkplacesurveysand 
laboratory  research.  Workplace  surveys  are  accom¬ 
plished  through  industrywide  studies,  which  are  spe- 
cificallyauthorizedby(]6HAct  In  addition  tosurveil- 
laiKe  arul  data  gathoing,  NIOSH  corrducts  extensive 
research  at  its  own  laboratories  and  utkier  contract  at 
tmiversitiesand  private  research  institutes.  Resultsof 
this  research  serve  as  fire  basis  for  recomrtrend  ing  new 
health  artd  safety  regulations.  These  recorrurtenda- 
tions,  known  as  crileria  documents,  are  forwarded  to 
OSHA,  which  has  the  ultimate  responsilniity  fcH-  pro- 
mulgalii^  standards. 

WhileNlOSH'sfirsttespCTtabilityistoadviseOSHA 
on  standards,  it  also  has  other  functions;  for  example, 
it  publishes  bulfetins  to  inform  health  professkmals 
abwt  new  health  hazards  and  offers  training  pro¬ 
grams  on  occupational  safety  artd  health.  Numerous 
visiort-related  research  including  studying 

the  biological  effects  of  ionizing  and  nonionizing  ra¬ 
diation,  have  been  performed  at  the  institute's  fa^ty 
in  Gncinnati,  CXtio,  artd  have  resulted  in  several  pul^ 
Ucatkms  artd  artides  cortceming  ultraviolet  (UV)  and 
infrared  (IR)  radiation.'^ 
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Food  and  Drug  Administration 

Before  1971,  the  eyeglass  industry  was  largely  un¬ 
regulated.  OSHAct  was  intended  to  protect  industrial 
workers;  there  was  no  legislation  lil^  it  to  protect  the 
vision  of  the  general  public.  The  lenses  of  dress  safety 
glasses  (street  eyewear)  were  often  grouitd  extremely 
thin  in  order  to  improve  their  cosntetk  af^>earance. 
Because  these  lens»  shattered  on  minimal  impact, 
many  wearers'  eyes  were  cut  and  irreparably  dam¬ 
aged  by  broken  glass. 

To  protect  the  vision  of  the  general  public,  ANSI 
promulgated  a  voluntary  set  of  standakls  for  dress 
safety  glasses  in  1968.  This  standard,  the  American 
Naliotud  Standard  Recommendations  forPrescriptkm  Oph¬ 
thalmic  Lenses.  2^.1-1968,  recommended  that  all  pre- 
scriptkm  lenses  dispensed  in  the  United  States  be 
impact  resistant  (the  lenses  should  be  able  to  with¬ 
stand  a  specific  impact  that  from  a  %-in  steel  ball 
dropped  from  a  height  of  50  in).'*  In  December  1971, 
the  Food  and  Drug  Adnunistration  (FDA)  issued  a 
general  policy  statementondte  use  of  impact-resistant 
lens^ineyeglassesaiKlsunglasses.  Thegeiteralpc^y 
statement  adopted  an  impact-resistaiKe  test  siinilar  to 
that  stated  in  ANSI  Z80.1-1968. 

The  Medical  Devices  Antertdnrent  of  1976  autho¬ 
rized  the  federal  government  to  oversee  the  safety  and 
effcctivenessof  aU  medical  devices,  iitcluding  ophthal¬ 
mic  products  such  as  eyeglass  lenses,  ccmtact  lenses, 
contact  lens  solutions,  mkl  ofrftthalmic  medications.’^ 
Congress  subsequently  pas^  21  CFR  Part  801.410, 
Use  of  impact-resistant  let^  meye^assesand  sunglasses, 
whi^  is  also  similar  to  ANSI  280.1-1968.'*’  Compli¬ 
ance  with  21  CFR  Part  801 .410  by  ophthalmic  laborato¬ 
ries  does  not  mean  that  the  ler^  are  unbreakable  or 
shatterproof;  rather,itineaitsthatthe  lenses  are  impact 
resistant  (as  previously  specified).  Furthermore,  the 
impact  resistatKe  of  dress  safety  glasses  dtould  tKH  be 
confused  with  thatrequiredfbrMustrial  safety  glasses, 
which  jnovide  the  itulustrial  worker  «vith  greater  eye 
protection. 

American  National  Standards  InstHute 

ANSI  is  a  rKMigovernmental  ageiKy  that  has  created 
trK>rethanlOX)OOstandards(withwhidicomplianceis 
voluntary).  State  artd  federal  agencies  oftm  adopt 
AN9  starulards  as  their  own  regulations,  but  ANS's 
standards  themsdves  have  rto  statutory  authority. 
Thdr  purposes  are  to  dimirute  the  duplication  of 
standardsand  to  develop  a  single,  tutkmally  accepted 
standard.  The  AN^  standards  drat  apply  to  viskm, 
artd  that  have  been  (or  will  be)  adc^Tted  ^  the  FDA  or 


by  OSHA,  include 

•  AN5I2^.1-1987:AmericanNationalStandatd 
Recommendations  for  Prescription  Ophthal¬ 
mic  Lenses; 

•  ANSlZ803-1986;AmericanNationalStandatd 
Requirements  for  Nonprescription  Sunglasses 
aiKi  Fashion  Eyewear; 

•  ANSlZ87.1-1989:AmericanNatioiudStandaid 
Practice  for  Occupational  aikl  Educational  Eye 
and  Face  Protection; 

•  ANSI  Z136.1-1966:  American  Natkmal  Stan¬ 
dard  for  the  Safe  Use  of  Lasers;  and 

•  AN9Z3S8.1-1990;  American  NadonalStandard 
forEmergencyEyewashandShowerEqutpinenL 

U.S.  Anny  Environmental  Itygiene  Agency 

* 

In  1946,  the  Army  Industrial  Hygiene  Laboratory, 
itow  the  U3.  Army  Enviroiunental  Hygiene  Agency 
(USAEHA),  initiated  the  OccupatkMial  Vision  Pro¬ 
gram  at  some  depots  aitd  arsenals  within  the  army 
iiuiustrial  base.  This  program  was  directed  toward 
federal  civilian  employees  rather  than  soldiers.  By 
1953, 19  army  installations  with  90,0(X)  civilian  em¬ 
ployees  had  Occupational  Vision  Programs.'^  During 
the  1960$,  the  O^pational  Vision  Programs  were 
expaitded  and  directed  toward  civilian  workers  at  all 
army  installations.  F^resendy,  all  army  installations 
must  have  the  Vision  Conservation  Program,  which  is 
directed  toward  both  civilians  and  soldiers. 

Currently,  there  are  three  optoonetiists  (two  mili¬ 
tary  optometrists  and  one  civilian  industrial  (^>t(Mn- 
etrist)  who  staff  Program  63,  The  Vision  Conservation 
Program  within  the  Occupational  and  Enviroiunental 
Medicine  Division  at  USAEHA,  located  at  Aberdeen 
Proving  Ground  (Edgewood  Area),  Marylaivl.  Their 
mission  is  to  write  viskm-conservation  policies  and 
doctrine  for  publication,  to  survey  or  assist  the  Vision 
CoitservationProgramsatvaiiousinstallationsaround 
the  country,  and  to  educate  cKCupational  health  per¬ 
sonnel  on  all  aspects  of  vision  conservatkm. 

U.S.  Army  R^iolatiofis  and  Publications 

US.  Army  Regulation  (AR>  40-5,  Preventive  Medi- 
cine,DepartmentoftheAnnyPamphlet(DAPAM)40- 
506,  Vkwr  Conservation  Program, andleciadcal  Bulle¬ 
tin,  Medical  (T6  MED)  506,  Vis/oR  Conservation, 
constitute  thebasisfor  vision  conservationinthearmy. 
Because  army  regulations  are  ever  changing,  readers 
should  contact  theL’SAEHA  for  the  latest  publications 
that  pertain  to  vision  conseivatior..'* 
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THE  VISION  conservahon  program 


An  effective  vision  conservation  program  requires 
a  team  of  dedicated  industrial  aiui  healtiKare  profes¬ 
sionals:  (a)  an  c^ometrist,  an  ophffialmologist,  or 
both;  (h)  an  occupational  health  physician,  an  occupa¬ 
tional  health  nurse,  or  botft;  (c)  an  industrial  safety 
specialist;and((f)  an  industrial  hygienist  Themstalla- 
tkm  medical  authority  (IMA)  is  responsible  for  ap- 
pmnting  an  c^rtometrist  as  the  installation  vision  con¬ 
servation  officer  (VCO).  In  the  absence  of  an 
optcHnetrist,  an  occupational  health  nurse  may  be  ap¬ 
pointed  as  the  acting  VCO.  The  installaticn  VCXD  is 
responsible  for  managing  the  installation  s  Vision 
Conservation  Program,  including  assisting  the  indus¬ 
trial  hygienist  in  identifying  eye-hazardous  areas  and 
c^reiations,  ad  vising  die  safety  specialist  on  appropri¬ 
ate  eye  protection  and  viaon-related  safety  issues, 
ensuring  ffiat  employees  worldng  in  eye-hazardous 
areas  recave  periodic  viacm  screenings  and  visimi 
examinations,aiKiprescribit^theappropriatecorTec- 
tivc  lenses  for  industrial  safety  glas^  The  occupa¬ 
tional  health  physician  or  nurse  is  resprmsiUe  for 
monitming  the  visual  health  of  all  employees,  espe¬ 
cially  those  who  wcmIc  iit  eye-hazardous  areas,  and  for 
referring  workers  to  an  optometrist  or  r^hthalmolo- 
gist  if  they  either  fail  the  required  viskm  screening  or 
sustain  an  eye  injury  while  on  the  |ob.  Theindustrial 
safety  specialist  is  respmt^lefbraj^voving  all  orders 
for  f^o  (noncorrective)  and  prescription  industrial 
saf^  glasses  aitd  for  enforcing  ffte  wearing  of  safety 
eyewear  throughout  the  wmi^lace.  Theindustrial 
hygienist  is  resptMisible  for  evaluating  the  worlqrlace 
hw  eye-hazardous  operations  and  taking  action  to 
reduce  the  risk  of  eye  injuries. 

An  effective  vision  conservation  program  consists 
of  foe  following  essential  elements,  all  of  whkh  wiD 

enhance  vision,  increase  productivity,  and  reduce  the 
risk  of  iialustrial  eye  injuries:  (a)  ctnnnumd  and  man¬ 
agement  coimnitment,  {b)  vision  testing,  (c)  eye-haz¬ 
ard  analysis,  (d)  accident  prevention,  (e)  total  partici¬ 
pation,  ^  education,  (g)  enforced  use,  (ft)  fitting  and 
mointenartce,  and  (i)  emergency  first-aid  procedures. 

Command  and  management  conunitment  is  abso- 
hit^  essential  fora  dynamic  viakmccmservation  pro¬ 
gram.  CcHnmanders  and  supervisors  bar  the  moral 
and  legal  le^wnsUnlity  for  preventing  eye  injuries. 
Written  policies  aiul  local  standing  opeiatmg  proce¬ 
dures  should  be  published  to  add  anphasis  a^  en¬ 
courage  compliance  wifo  the  program. 

Vision  testing  is  utilized  as  part  of  preplacement 
and  periodic  physicals  to  find  unconected  virion  prob¬ 


lems  thatmaydecrease  worker  productivity,or,  worse, 
lead  to  accidents.  Workerswhofailthevisionscreen- 
ingshould  be  referred  foracompletevisionevaluation 
to  correct  the  visual  deffdeiKy. 

Eye-hazard  analysis  requires  the  industrial  hygien¬ 
ist  or  foe  installation  safety  specialist,  orboth,  to  evalu- 
ate  every  operation  within  the  woriq)lace,  and  to 
identify— and  then  mark  with  warning  signs— all  eye- 
hazardous  operations.  Once  these  hazards  have  been 
identified,  the  installation  safety  office  should  estab¬ 
lish  a  job-title  list  that  identifies  those  employees  (by 
name)  who  work  in  eye-hazardous  areas,  the  fype  of 
woricthatisdoneine^area,andthelypeofpi^ec- 
tion  that  is  required  for  the  job.  Atinsfe^tionswith 
access  to  the  Occupational  Health  Medical  Informa¬ 
tion  System  (OHMIS),  foe  industrial  hygieiust  should 
enter  all  data  about^e-hazardousareasintotheHealth 
Hazard  lirfbrmation  Management  (HHIM)  system, 
which  is  discussed  in  detail  in  Chapter  4,  Industrial 
Hygiene 

Accident  prevention  can  be  a  significant  stq>  in 
reducing  or  eliminating  eye  injuries.  Safety  training 
and  motiv-ation  programs  should  also  be  utilized  as  a 
means  for  mcreasing  safefy  awmreness. 

Total  participation  requires  that  eye  protection  be 
worn  by  all  individuals  (commanders,  managers,  sol¬ 
diers,  civilian  em^doyees,  viritors,  and  contractors) 
when  entering  or  working  in  eye-hazardous  opera- 
tkmsor  areas.  Plano  safefyglas^  fin- visitors  should 
be  stocked  at  the  installation  safety  (rffice  arKi  at  the 
entraiKestobuildingswitheyc-liazardousoperations. 

Education  greatly  enharKes  foe  effectiveness  of  a 
virion  conservation  program.  All  employees  should 
be  instructed  in  the  proper  use  of  eye-potective  de¬ 
vices  and  should  be  reininded  of  the  benefits  of  the 
program.  A  multidisdpimary  team  including  plant 
supervisors,  the  occupational  health  nurse,  foe  occu¬ 
pational  herifo  physician,  the  industrial  hygienist, 
safety  peisoiuid,  and  the  optometrist  should  devdop 
the  education  prograirt 

Enforced  use  is  p^taps  foe  most  important,  yet  the 
most  overlooked,  dement  in  an  effective  vision  con¬ 
servation  prograirt  MUitary  and  civilian  supervisors 
should  not  hesitate  to  insist  that  soldiers  and  civilian 
employees  wear  their  industrial  safety  glasses.  En¬ 
couragement  and  rewards,  rather  than  disciplinary 
procedures,  should  be  used  to  encourage  comfdiance, 
aikl  whenever  practicable,  individuals  who  do  wear 
aprropriate  eye  protection  should  be  praised  or  pub- 
lidy  rewarded.  However,  commartders  and  nunage- 
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tnent  should  publish  the  disdplinaiy  procedures  that 
will  be  implemented  when  civilian  employees  or  sol¬ 
diers  fail  to  comply  with  the  safety  rules  and  regula¬ 
tions  for  wearing  industrial  safety  glasses.  Tyfri^y, 
these  consist  of 

•  a  verbal  or  written  warning  for  the  first  infrac¬ 
tion; 

•  a  1-day  suspension,  invoked  if  the  individual's 
noiKompliwt  behavior  persists  (soldiers  may 
be  subject  to  disdplinaiy  action  under  the  Uni¬ 
form  Code  of  Military  Justice);  arxl 

•  initiation  of  steps  to  remove  habitually 
rtonc(»npliant  individuals  from  the  job. 

Fitting  and  maintenance  of  eye-protection  devices 
helps  to  ensure  wearing  compliaiKe.  9topsshouldbe 
discouraged  from  ordering  inexpensive,  nonadjust- 
able  plarx>  safety  glasses;  likewise,  workers  should  not 


wear  eye  protection  that  is  ill  fitting  or  does  not  work 
properly.  An  optician  or  qualified  technician  should 
be  availabie  to  adjust  safety  eyewear,  both  prescrip¬ 
tion  aird  plarw.  Lens<leaning  stations,  stocixd  with 
lens-deaning  solutions,  tissues,  and  antifogging  prod¬ 
ucts,  should  also  be  available  throughout  the  ptot 
EmergeiKy  first  aid  should  be  taught  to  all  soldiers 
and  dvilians  who  work  in  eye-hazardous  areas,  espe¬ 
cially  where  a  chemical  splash  is  pcesible.  Thosewho 
work  in  areas  where  airborne  foreign  bodies  (such  as 
dust)  make  superficial  injuries  likely  should  be  taught 
how  to  irrigate  eyes  with  water.  Those  who  work  in 
areas  where  ballistic  wounds  (penetrating  injuries 
caused  by  projectiles)  are  possible  should  be  taught 
simple  eye-pa^  and  eye-immobilizatkm  technique 
Tho^  who  woric  in  areas  where  chemical  hazards  are 
likdy  should  be  instructed  in  the  proper  use  of  eye¬ 
wash  fountams  aiui  in  methods  for  retracting  co¬ 
workers'  eyelids. 


OCCUPATIONAL  VISION 


The  occupational  vision  element  of  the  Vision  Con¬ 
servation  Program  consists  of  vision  screenings  and 
examinations.  It  is  directed  toward  ensuring  that 
soldiers'  and  dvilian  workers'  vision  is  at  least  ad¬ 
equate— and  preferably  the  best  posable— to  enable 
thm  to  work  productively,  effidentiy,  safely,  and 
comfortably.  At  a  minimum,  workers  must  be  able  to 
see  well  enough  to  perform  their  jobs  safely,  without 
risking  in  jury  to  themselves  or  their  fdlow  workers,  or 
foce  j^  reclassification.  If  resources  are  available, 
worl^  should  be  provided  a  fuU  range  of  vision 
services  as  a  nreans  for  moreasing  productivity.  Initi¬ 
ating  and  maintaining  this  element  of  the  program 
presupposes  that  economic  gains  will  follow:  better 
retention  rates;  increased  tramingeffidency;  imjnoved 
job  performarKe;  greater  job  safety;  and,  for  dvilian 
workers,  better  mdustrial  relations. 

Saeenirq$s 

Vision  screenings  are  designed  to  evaluate  an 
employee's  visual  ^stem,  the  results  of  which  may  be 
us^  to  help  select  persormd  for  employment  or  to 
identify  those  employees  whose  vision  might  need 
furtherevaluation.  Visionscreenings,however,should 
not  be  confused  %vith  vision  examinations;  vision 
screenings  superficially  test  a  number  of  visual  fiinc- 
tions,  while  vision  examinations  are  more  thorough 
arid  aredirected  toward  remediatinga  visual  proble^ 
Gvilian  workers  gerterally  receive  their  vision  screerv- 


ings  at  the  occupational  health  dink,  while  soldiers 
reedve  thdr  vision  screenings  at  the  physical  exami¬ 
nation  section  (as  part  of  a  routine  physical)  or  at  the 
installation  optonietry  dink. 

BiiKxruiar  vision  screeninginstruments  (Figure  b-1) 
are  nwre  accurate  than  a  simple  Snellen  eye  chart 
While  a  Snellen  chart  can  only  evaluate  visual  acuity, 
modern  binocular  testing  devices  check  multiple  vi¬ 
sual  functions,  mduding: 

•  central  visual  acuity  at  both  a  distaiKC  of  23  ft 
or  greater  and  at  the  rtearpoint  (13-16  in); 

•  muklebalanceandeyecoordination(thealriI- 
itytokeep  the  eyes  pointed  or  directed  toward 
an  object); 

•  depth  perception  (the  ability  to  judge  the  spa¬ 
tial  relation^ps  of  objects);  artd 

•  color  discrimination  (the  ability  to  differenti¬ 
ate  colors  correctly). 

In  addition,  auxiliary  lenses  can  be  used  to  adapt 
these  instruments  for  evaluating  visual  acuity  at  inter¬ 
mediate  distarKes.  Some  testing  instruments  are  even 
capable  of  determining  rudimentary  visual  fidds  (the 
area  of  space  visible  to  an  eye). 

Standards 

During  World  War  II,  Joseph  lifiin  and  a  team  of 
researchers  at  Purdue  University  studied  more  than  4 
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Fig.  8-1.  The  Anned  Forces  Vision  Tester  (AFVT),  left,  has  been  used  for  screening  soldiers  for  decades  and  is  still  in  use  at 
most  military  entrance  processing  stations.  The  AFVT  is  mechanically  operated,  highly  reliable,  and  is  made  of  heavy-gauge 
steel.  The  AFVT  is  gradually  being  replaced  by  a  new  generation  of  lightweight,  portable,  and  electronically  operated  vision 
screeners,  such  as  the  Titmus  11  Vision  Saeener,  right.  Other  similar  new  vision  scrceners  include  the  Optec  2000,  manu¬ 
factured  by  Stereo  Optical,  Inc.,  and  the  Sight  Screener  11,  manufactured  by  American  Optical  Company. 


million  workersat  thousands  of  different  job  sites.  The 
purpose  of  this  research  was  to  improve  industrial 
production  during  the  war,  a  time  when  the  healthiest 
males  were  unavailable,  by  maximizing  worker  effi¬ 
ciency  and  reducing  industrial  accidents.  At  the  con¬ 
clusion  of  their  research,  they  developed  minimum 
vision  standards  for  six  different  categories  of  jobs.'” 
Applying  these  standards  to  job  applicants  ensured 
that  their  visual  acuity'  was  adequate  for  the  job  and 
determined  *•  and  when  they  needed  tobe  referred  for 
vision  correction.  As  a  result  of  this  research  initiative, 
industry,  including  the  DA,  has  universally  adopted 
the  six  job  wsion  standards.  They  were  created  before 
the  advent  of  video  display  terminals  (VDTs)  and 
personal  computers  (PCs),  however.  To  correct  for 
this.  The  Surgeon  (General  added  a  seventh  vision 
standard  for  VDT  operators  serv'ing  in  or  working  for 
the  U5.  Army  (Table  8-1). 

Further  research  and  industrial  experience  have 
shown  that  individuals  who  meet  these  standards 
should  be  able  to  perform  their  jobs  safely  and  effi¬ 
ciently.  However,  these  vision  standards  are  often 
misinterpreted  and  should  iwf  be  used  as  criteria  for 


vision  referrals.  For  example,  while  it  may  have  been 
perfectly  acceptable  to  allow  a  plumber  with  20/30 
vision  to  continue  working  at  his  job  (vision  standard 
no.  5)  during  World  War  11,  today's  standard  of  care 
mandates  that  this  worker  be  referred  for  a  complete 
vision  examination  to  correct  his  vdsual  acuity  to  20/ 
20.  If,aftera  thorough  visionexamination,thcplumber 
has  a  best  (corrected)  visual  acuity  (BVA)  finding  of 
20/30,  interpretation  of  vision  standard  no.  5  suggests 
that  the  worker  can  still  perform  his  job  safely  and 
relatively  efficiently.  If  the  plumber's  vision  deterio¬ 
rates  (eg,  as  a  result  of  cataract  formation)  to  a  BVA  of 
20/50,  then  his  duties  should  be  reduced  or  he  should 
be  reclassified  into  a  different  job  until  his  cataract  is 
removed  and  his  vision  improves. 

There  may  be  times  when  stricter  vision  standards 
should  be  adopted.  In  jobs  with  higher-than-usual 
risks  to  eyesight  and  personal  safely,  the  usual  job 
wsion  standards  may  be  inadequate.  For  example, 
depth  perception  is  critical  for  machinists,  who  may 
require  stricter  depth  perception  than  50  seconds  of 
arc,asiistcd  in  vision  standard  no. 4.  Color  perception 
may  not  be  a  requirement  for  every  job,  but  it  might  be 
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TABLES'! 


RECX)MMENDED  JOB  VISION  STANDARDS 


!%kKi 

Job 

Acuity 

Muadc  Balance 

Odor 

Deptii 

Standard 

Category 

Distance 

Near 

Distance 

Near 

Vteion 

Pcvc(ptioii 

1 

Administrative  and  derica] 

20/30 

20/25  OU 

20/25 
20/22  OU 

4  eso 

5  exo 
05  vert 

4  eso 

5  exo 

05  vert 

Normal 

NA 

2 

Inspector  and  assembler 

20/35 

20/30  OU 

20/25 
20/22  OU 

4  eso 

5  exo 
05  vert 

4  eso 

5  exo 

05  vert 

Normal 

50" 

3 

Vdiide  driver,  crane  and 
forklift  operator 

20/25 

20/22  OU 

20/35 
20/30  OU 
05 

4  eso 

5  exo 
vert  05 

4  eso 

5  exo 
vert 

Normal 

40" 

4 

Machine  operator 

20/30 

20/25  OU 

20/30 
20/25  OU 

4  eso 

5  exo 
05  vert 

4  eso 

5  exo 

05  vert 

Normal 

50" 

5 

Sldlkd  trac*  s:  Plumber, 
mill%viighi,  and  eketridan 

20/30 

20/25  OU 

20/25 
20/22  OU 
05 

4  eso 

5  exo 
vert  05 

4  eso 

5  exo 
vert 

Normal 

50" 

6 

UnskiUed  trades:  Porter, 
warehouseman,  and  laborer 

20/30 

20/25  OU 

20/35 

20/30  OU 

NA 

NA 

NA 

NA 

7 

Video  dis^y  terminal 
operator 

20,'30  20/30* 

20/25 

NA 

05 

ortho 

8  exo 
vert 

NA 

NA 

*Unlike  the  other,  cariier  sbi>d«txb,  thb  one  has  an  additioiul  intennediate  disUtice  vtsua]  andty  icqubemcnt 
^Intermediate  testily  standard 
NA:  not  applicable 
OU:  both  eyes 

eso:  csoph^,  the  amount  of  inward  turning  ol  the  two  eyes,  relative  to  each  other 

exa- exc^^hocia,  the  amount  of  outward  turning  of  the  two  eyes,  rdative  to  each  other 

ottha  orthophoria,  the  eyes  directed  toward  iidinity,  dre  at^ctKe  cf  eso- and  txophoria 

vert  vertkaS  phoria,  the  amount  of  upward  or  downward  turrung  of  the  two  eyes,  relative  to  each  other 


a  necessity  for  certain  workos  such  as  electricians  or 
painters.  Because  8%  of  all  males  and  05%  of  all 
females  are  color  Mind,  only  those  with  superior  color 
perception  should  be  plac^  in  jobs  that  involve  col¬ 
ored  wring  codes  or  colored  dyes  ot  paints.  Becatise 
color  discrimination  dedirtes  with  age  (due  to  mild 
sclerosis  or  yellowing  of  the  crystallme  lens),  these 
employees,  when  they  reach  40  years  of  age,  should 
have  thdr  color  vision  diecked  during  their  annual 
vision  screening  or  physkaL 

Examinations 

Civilian  woikersand  soldiers  should  be  referred  for 
a  complete  vision  examination  when  they  Qi)  have 


ngniBcant  vision  complaints,  (h)  faU  the  vision  screen¬ 
ing  (according  to  predetennmed  vi^n  criteria),  or  (c) 
fail  to  meet  the  minimum  vision  standards  for  their 
jobs.  Determining  why  an  individual  foiled  a  vision 
screening  is  best  left  to  the  {sofesskmal  judgment  of 
an  optometrist  or  q>hthalmologist  Military  person¬ 
nel  are  required  to  obtain  their  examinatkms  at  the 
nearest  MTF.  Gvilians  who  work  in  eye-hazardous 
areas  will  either  be  provided  vision  examinatkms  at 
goverrunent  expense  at  the  neatest  MTF  or  be  rdnt- 
butsed  for  an  examination  at  a  private  fodlity.  Other 
federal  dvilian  employees  (thoM  rtot  working  in  eye- 
hazardous  areas)  who  foil  the  vision  screening  must 
arrange  atKlpayfortheirown  vision  examinatkmsarKi 
eyeglasses. 


Conseroing  Vision 


EYE  SAFETY 

EyesafetyistheelementoftheVisionConservation  fireworks  injury.  Alkali  burns  were  the  most  conunon 

Pro^m  that  attempts  to  eliminate  the  incidence  of  chemical  injury.  Tliese  bums  can  occur  when  lye  or 


eyeinjuries.  Whether  the  setting  is  an  industrial  plant, 
a  military  training  exercise,  or  a  battlefield,  civilian 
workers  and  soldiers  can  be  exposed  toa  variety  of  eye 
hazards.  Military  commanders,  industrial  managers, 
and  supervisors  must  understand  that  eye-hazardous 
areas  and  operations  exist  and  must  ensure  that  these 
hazards  are  periodically  surveyed  by  the  industrial 
hygienist:  Initial  efforts  to  reduce  the  risk  to  workers 
and  their  vision  should  be  directed  toward  instituting 
en^neering  controls,  administrative  controls,  or  both. 
Additiotuilly,  installations  must  provide  workers  with 
personal  eye  protection  that  is  commensurate  with  the 
potential  risk  to  vision,  meets  or  exceeds  the  legal 
standards,  is  comfortable  to  wear,  and  is  cosmetic^y 
appealing. 

Incidence  of  Eye  Injuries 

Two  recent  studies  have  evaluated  the  rtature  and 
degree  of  eye  injuries.  According  to  data  from  the 
Natiortal  Health  Interview  Survey  (the  value  for  N  is 
not  available),  most  ocular  injuries  that  cause  severe 
visual  impairment  occur  within  the  home  (30%),  while 
the  worl^lace  is  the  second  most  conunon  location 
(27%).®  Using  data  that  were  recorded  in  the  Eye 
Injury  Registry  of  Alabama  (EIR.A)  fromastudyof  736 
serious  eyeinjuries  thatoccurredAugust 1982 through 
May  1986,  the  most  common  sites  of  eye  injuries  were 
the  woricplace  (28%)  and  the  home  (27%),  followed 
closelybyrccreationsites(25%)(Figure8'2).  Othereye 
injuries  occurredduringcrimmalassaults(ll%),  while 
traveling  (5%),  and  at  school  (1  %).  Plotting  the  data  by 
age  revealed  that  individuals  20  to  29  years  of  age  had 
the  highest  rale  for  eye  injuries  (32%),  followed  by 
iitdividuals  30  to  39  years  of  age  (25%)  (Figure  8-3).^' 

The  EIRA  study  also  found  that  blunt  instruments 
were  responsible  for  the  most  eye  injuries  (32%),  fol¬ 
lowed  by  sharp  instruments  (;23%),  hammer-on-metal 
(chips  that  firagment  off  while  metal  is  hammered) 
(ll%),gunshots  (8%),  BBgunsor  pellet  guns  (7%),and 
fireworks  (4%)  (Rgure  8-4).  Blunt  trauma  was  caused 
by  objects  sud»  as  fists,  tree  limbs,  thrown  projectiles 
(iiwluding  balls),  and  objects  propelled  by  lawn  mow¬ 
ers.  Penetrating  trauma  was  caused  by  broken  glass, 
fish  hooks,  tree  branches,  nails,  screws,  scissors,  and 
thorns.  Both  extraocular  and  intraocular  metallic  for¬ 
eign  bodies  were  caused  by  hammer-on-metal  inju¬ 
ries.  Bottle  rockets  were  tlw  predominant  source  of 


commercial  drain  cleaners  come  into  contact  with  the 
eyes  (eg,  during  domestic  assaults  or  accidents).^’ 

Industrial  Eye  Injuries 

Almost  70%  of  all  industrial  eye  injuries  result  from 
flying  or  falling  objects  that  strike  the  ^e.  Nearly  60% 
of  the  objects  fiiat  cause  these  eye  injuries  are  smaller 
than  the  head  of  a  pin  and  travel  at  high  velocities.  An 
additional  20%  of  industrial  eye  injuries  are  caused  by 
chemicals,  while  theremaining  10%  resultfromol^ects 
that  svring  from  a  fixed  position  (such  as  tree  limbs, 
ropes,  chains,  or  tools)  and  are  unexpectedly  pulled 
toward  the  worker.® 

A  Census  Bureau  study  done  in  1980  showed  that 
63%  of  all  work-related  eye  injuries  occurred  within 
the  construction  iiKlustry.  Of  the  eye  injuries  that 
occurred  there,  the  mcstprevalentwereto  metal  work¬ 
ers  and  welders  (20%),  followed  by  plumbers  (8%), 
carpenters  (7%),  electriciarts  (4%),  and  painters  (4%). 
The  other  major  group  of  eye  injuries  was  sustained  in 
theautomotive-repair  industry  and  accounted  for  18% 
of  work-related  eye  injuries.® 

The  relatively  high  number  of  eye  injuries  that 
occur  in  industry  each  year  is  surprising,  considering 
that  the  surface  area  of  the  eyes  is  orUy  approximately 
054%  of  the  enlirc  frontal  body  surface  area.  Experts 
bdieve  that  at  least  90%  of  workplace  eye  injuries  could 
have  been  prevented  had  the  worker  simply  used 
industrial  protectiveeyewcar.®  AccordingtotheBureau 
of  Labor  Eristics,  almost  60%  of  workers  in  selected 
occupations  whosuffered  impact  eyeinjuries  werenot 
weariirg  eye  protection  at  the  time  of  the  accident. 
Most  of  the  workers  who  wore  eye-proteotive  devices 
and  still  sustained  an  injury  were  wearing  the  wrong 
kind  of  protective  device  for  the  particular  hazard.® 

Militarily  Unupie  Eye  Injuries 

The  number  and  incidence  of  ^ocular  injuries  has. 
increased  witheachmilitaryconfIict(Table^2).  More 
accurate  recordkeeping  probably  accounts  in  part  for 
this  trend,  buta  secoird  and  prc^bly  more  important 
reason  is  that  the  weapeirs  used  in  modem  warfare 
increasingly  depend  on  fragmentation  as  their  mechan¬ 
ism  of  injury.  Modem  ballistic  weapons  are  designed 
to  break-up  into  thousands  of  small-mass,  high-vdod^ 
metallic  fragments.  These  tiny  fragments  not  only 
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Fig.  8-2,  Th'.’  RIKA  Study.  I’orcont.igc  of  eye  injuries  by  location  of  occurrence. 


Fig.  8-3.  Tlie  RIKA  Study.  I’ercentage  i)f  eye  injuries  by  age. 


Fig.  8-4.  The  i;IKA  Study.  IVrtvntage  of  eve  injuries  bv  cause. 


Conserving  Vision 


TABLE  8-2 

INQDENCE  OF  OCULAR  INJURIES  IN 
MILITARY  ACTIONS 


Military  Conflict 

Date 

All  Castulties 
(%) 

American  Civil  War 

1861-1865 

057 

Franco-Prussian  War 

1870-1871 

0.81 

Sino-Japanese  War 

1894 

12 

World  War  I 

1914-1918 

2.1 

World  War  11 

1939-1945 

22 

Korean  War 

1950-1953 

4.1 

Vietnam  War 

1965-1972 

6.0-95 

Aiab-lsraeli 

Six-Day  War 

1967 

5.6 

Arab-Israeli 

Yom  Kippur  War 

1973 

6.7 

Arab-Israeli 

Lebanon  War 

1982 

6.8 

Scu  ces  (1 )  Bdkin  N1  Origiiud,  unpublished  leseaich. 
Lessons<^the1S73WcrIhmntkmofOcul(nVkr}njurrs.}enBiiieft\,lstvi: 
HadassanUniversity  Hospital, Dept  of  Ophdialmology.(2)KonMass  A 
Eye  injuiies  in  the  military.  Ini  OphM  Oinks.  1919j21:121-136. 

cause  vision-threatening  injuries,  but  worse,  they  can 
also  cause  the  loss  of  one  or  both  eyes.  (If  these 
fragments  were  randomly  to  strike  any  other  part  of 
the  body  surface,  the  casualty  might  not  even  require 
evacuation  from  the  battle  zone.) 

Each  recent  conflict  has  provided  valuable  informa¬ 
tion  on  the  nature  and  extent  of  eye  injuries  that  can 
occur  when  inadequate  eye  protection  is  worn.  In  the 
Six-Day  War  (1967),  25%  of  all  eye  injuries  were  perfo¬ 
rations  of  the  globe.  In  one  battle  for  Jerusalem,  there 
were  only  100  casualties;  40  of  them  had  perforating 
eye  injuries.  Ninety  percent  of  these  injuries  were  due 
to  small-mass,  hi^-velodty  fragments,  and  nearly 
25%  of  the  injuries  were  bilateral  perforations.*'*  Dur¬ 
ing  the  Vietnam  War,  an  American  soldier  who  was 
struck  in  the  eye  had  a  greater  than  50%  chatKe  of 
losing  it.“  As  a  response  to  this  rate,  a  primitive  form 
of  polycarbonate  eye  protection  was  tested  on  Hrst 
Cavalry  Division  soldiers.  This  has  led  the  U5.  Army 
Medical  Department  (AMEDD)  and  the  U5.  Army 
Natick  Research,  Development,  and  Engineering  Cen- 
tertodevelqrprototypesofeyeprotection:  the  Ballistic/ 
Laser  Protection  Spectacle  (BLPS)  and  the  Special 
Protective  Eyewear  Cylindrical  System  (SPECS). 


A  change  in  the  prevalent  mechanism  of  injury  in 
ocular  casualties  has  occurred  with  technological  ad¬ 
vances  in  tactics  and  weaponry.  Prior  to  the  1973  Yom 
Kippur  War,  the  vast  majority  of  eye  injuries  were  due 
to  the  fragmentation  of  artillery  proje^les.  With  the 
changes  in  tactics,  only  14%  of  the  eye  injuries  that 
weresustainedduringthe  1973 Yom  KippurWarwere 
due  to  artillery  projet^es.  Instead,  antitank  weapons 
caused  thehi^estnumber(72%).  Sixty-fivepercentof 
thesoldierswhosustainedeyeinjurieswereintanksor 
armored  personnel  carriers,  'vith  tank  commanders, 
tank  crews,  and  armored  infentry  being  the  most  vul¬ 
nerable.  Only  a  minority  of  eye  injuries  were  inflicted 
on  soldiers  in  open  spaces.** 

During  peacetime,  while  troops  are  garrisoned,  ac¬ 
curate  eye-injury  data  have  been  difficult  to  obtain.  To 
date,  the  army  has  neither  an  eye-injury  data-coUec- 
tion  form  to  collect  such  information  nor  a  database 
from  which  to  analyze  it.  However,  it  is  not  umeason- 
abletoassumethatstatistics  concerning  civilian  indus¬ 
trial  workers  might  also  apply  to  peacetime  active- 
duty  soldiers.^’^  Data  collected  from  army  personnel 
during  1977  to  1981  revealed  that  3,556  eye  injuries,  or 
approximately  TlOeye  injuries  per  year,  had  occurred. 
However,  these  figures  are  probably  low  because  they 
include  only  soldiers  who  were  hospitalized  with  eye 
in  juries  and  excludeall  soldiers  v/ho  were  exanuned  in 
outpatient  clinics.  An  analysis  of  the  data  reveals  that 
the  most  prevalent  causes  oi  .-yeinjuries  were  machin¬ 
ery  or  tool  accidents  (20%),  land-transport  vehicles 
(16%),  athletics  or  sports  (12%),  falls  or  unspecified 
agents,  (9%),  and  guns  or  explosives  (7%).® 

Ballistic  and  Mechanical  Hazards 

Ballisti*'  and  mechanical  hazards  are  ubiquitous 
both  in  the  industrial  environment  and  on  the  battle¬ 
field.  In  industry,  these  hazards  tend  to  be  associated 
with  metal  shops  (with  equipment  such  as  metal  lathes, 
drill  presses,  and  puiKh  presses)  and  automotive  shops 
(eg,  rust  particles  can  fall  into  the  eyes  of  a  mechanic 
who  is  working  under  a  vehicle).  During  military 
training  exercises  and  under  battlefield  conditions, 
many  soldiers  sustain  ocular  injuries  when  branches 
snap  back  into  their  faces,  mortar  or  greitade  frag¬ 
ments  strike  their  faces,  or  rounds  from  their  cwn 
weapons  explode. 

Foreign  Bodies 

Projectiles  thatimpactand  are  retained  onoraround 
the  eyes  are  called  ^eign  bodies.  They  are  generally 
classified  as  metallic  or  nonmetallic,  toxic  or  nontoxic, 
and  penetrating  or  nonpenetrating. 
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Civilian  workers  or  military  casualties  with  non¬ 
penetrating  foreign  bodies  of  the  cornea  (Hgutes  S-5 
and  8-6)  requite  referral  to  an  ophthalmologist  or 
qualified  optortretrist  fur  removal.  Superficial  foreign 
l^ies  (those  that  are  located  on  or  within  the  comeai 
epithelium)  should  be  removed  rvith  irrigation,  a 
r  eeJ  •,  or  a  spud  (a  blunt,  metal  probe).  Embedded 
foreign  bodies  or  those  with  rust  rings  from  irotr- 
centaining  metals  usually  require  removal  with  an 
Alger  brush,  dental  burr,  or  la^c-gauge  needle.  For¬ 
eign  bodies  that  penetrate  into  foe  corneal  stroma  rvill 
ultimately  leave  a  scar.  The  resultant  degree  of  visual 
impairment  will  depertd  on  foe  scar's  location:  these 
that  are  closest  to  the  center  of  foe  cornea  will  produce 
tlie  greatest  loss  of  visual  acuity. 

Penetrating  fordgn  bodies  (Rgutes  8-7, 8-8, 8-9,and 
8-10)  breach  foe  cornea  or  sclera.  These  injuries  usu¬ 
ally  occur  during  mechatucal  operations  such  as  rJgh- 
spkd  drilling,  mechanical  grinding,  and  pneumatic 
riveting.  These  perforating  wounds  of  the  contea  or 
sclera  are  often  small  and  barely  visible  to  the  exam¬ 


iner  and  may  have  little  or  no  associated  pain  (other 
than  foe  initial  insult  to  foe  eye).  In  many  cases  the 
entry  wound  is  so  small  that  diagra?sis  at  foe  woiicsite 
is  difficult;  a  hole  in  foe  iris  or  an  irregular  pupil  may 
be  the  only  evidence  that  foe  worker  has  sustained  a 
penetrating  injury.  Hfteen  percent  of  ail  Intraocular 
foreign  bodies  are  retained  in  foeanteriorchamber,8% 
in  the  lens,  7D%  in  foe  posterior  chamber,  and  7%  in  foe 
orbit”  A  woricer  who  suspects  that  he  or  she  has 
sustained  a  penetrating  injury  from  a  foreign  body, 
and  who  was  not  wearing  appropriate  eye  protection 
at  the  tiiite,  should  be  refoned  imme^tely  to  an 
ophthalmologist  for  evaluation,  radiography,  diagno¬ 
sis,  and  possible  surgery. 

Blunt  Trauma 

A  direct  blow  to  the  eye  by'  a  blunt  missile  (such  as 
a  clenched  tist,  a  squash  ball,  or  even  a  champagne 
cork)  can  produce  one  <nr  mote  of  the  following  signs: 
hyphema  (a  collection  of  blood  in  foe  anterior  cham- 


Fig.  8-5.  Small,  superfreia),  peripheral  foreign  bodks,  such  as  that  shown  on  the  lower  temporal  portion  of  the  cornea  of  the 
left  eye,  ar»*  o'ten  blown  into  the  eye.  These  superfide  foreign  bodies  can  be  easily  removed  (after  the  comca  has  been 
arvesthetized)  with  a  needle  or  sptid  and  leave  little  'r  no  residual  scarring.  After  the  foreign  body  has  been  removed, 
treatment  consists  of  topical  antibiolics,  analgesics,  ai  d  a  pressure  patch  (if  the  patient  b  uncomfotfaMe);  topicat  steroids 
shoicd  besvoided  because  they  adll  slow  healing.  Photograph:  Courtesy  of  Ccfonel  FrandsG.  La  Piana,  Vralter  Reed  Army- 
Medical  Center,  Washington,  DC. 
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Kg.  8^  InnvconUining  metalik  foreign  bodies  are  typi¬ 
cally  pn^ected  onto  the  eye  and  leave  a  rust  rii^  which 
must  eventually  be  removed  with  a  spud,  needle,  or  Alger 
brush  if  proper  healing  is  to  occur.  Ihe  rust  ring  pictured 
here  (dw  metallic  foreign  body  has  already  been  removed) 
shows  that  the  original  meb^  foreign  body  stiudc  the 
cornea  with  minimal  force,  with  damage  limited  to  the 
comeal  epithdium.  However,  foreign  bodies  that  penetrate 
beyond  the  comeal  epidielium  into  the  corneal  stronu  win 
ulthnatdykaveacomeal  scar;  scarringator  near  the  visual 
axis  (the  litre  of  Ji^)  can  ultimately  degrade  visual  acuity, 
dependii^  on  the  size  and  density  of  the  resulting  scar 
tissue.  Photograph;  Courtesy  afC;blondFrandsG.LaRana, 
Walter  Reed  Army  Medka!  Center,  Washington,  DC 
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Fig.  8-8. 1'oroign  b«xliesnfton  have  ^ufficion^  vd»»d*y  to  perforate  the  cornea  or  sclera— pa>s;ng  through  internal  structures 
such  as  the  aouiMU  iris,  and  vitreous— and  can  penetrate  the  lens  or  retina.  Workers  nuiv  not  K*  lully  aware  that  thej’  have 
surferixl  an  eye  injur)-;  the  only  visible  signs  nuiy  bi*  some  minor  nxiness  of  the  eye  or  an  additioiul  hole  in  the  ms.  These 
workers  must  ly  referre-d  forevaluation  and  possible  surgical  treatment  immediately.  Industrial  s.!!!-!)-  glasses  might  have 
prtvluded  this  in|ur)-. 


\ 


Fig.  8-10.  \ V »>nipnl«l  t-.wogr.iph  (CT) M.sn  «--t*tU*n  if-ftiil  in  iliMi-rniir.ing t!u*cv.u  t  UK.ition  ol  .i  {vnclr.iting  t«iroign  Ihh1\  . 

!.il A  It  'tirgu.i!  ronun  .il  i-  1  h:>  l.irgo  l«>r«gn  Ixh1\  i-  l»>dgtxl  on  tin-  n.i-sii  rflin.t  »•!  thi-  right  oy  c.  I’lmtiigr.if'h. 

f.nirti-vv  !>t  C\>ior.vl  t  .r  1’Mn.i,  \V.»IUt  Kiwi  .-Xnnv  Mixlic.il  tVnti-r.  Wasliington.  IX’. 


Kt);  siibIji\<nion  (lii-livation) of  thoi  ryMalline  Ions  .1  tali'll  loti>  anil  appri*\imati'l\  7' .  u  ill  iloi  clup  glaii- 

bloiviuH  Iraitnri'  of  fho  orbil  n  flixir  or  na>.ii  uall,  coma  in  lator  ycat>.  Five*  to  ton  portont  of  traumatic 

iriiliKliaii  >i''  (a  niptiav  or  tear  of  f  ho  iri:-  from  it>  bax,*  hy  pliorna^  rexjuiro  surgical  repair. Complete*  Kxiri-sl 

on  till*  ciliarc  boily).  traiinuiic  pupill.iry  nuilriasis  is  imiicateil.  ami  an  ophthalmologist  shoiihl  tollou 

(dilation  lausixl  b\  teni^x<ran  or  }>ermanent  pcralysis  this  condition  to  ensure  that  additional  damage  to  the 

of  the  sphincter  nnis.!e  ot  the  pupil);  iraumatic  iritis;  eye.  wh'ch  rmu  not  have  birn  apparent  initially,  did 

vitreous  iiemorThage;  and  retinal  hemorrluge.  u'a.r>.  not  iv.Yur. 

or  detachments  Fliesesignsall  rcxpiirelhat  thepatient  In  a  bloivoiil  fracture  of  the  orbit,  the  energv  of  the 
bereferrexi  immedialeli  to  an  ophthalmologist.  HhiuC  impact  forces  the  contents  of  the  orbit  (the  eye,  e\ 

trauma  mac  alM>  K-  ch,iracferi/c‘d  by  cxchymosis  (a  traixailar  muv.les,  neuroi  asculature,  and  orbital  la!) 
black  eye),  suKonjunct'ia!  hemorrhage,  and  ixca-  eitlierdoivnward,  fracturing theorbita!  flixirand  lorc- 
sionallv.crepitus(airleakingunderlhe>kin)ifasimis  ing  some  of  the  orbital  contents  info  the  nunillary 
has  bix*n  injurixl.  simis.oriu’-sdivard.frai  luring  theivallofiheethmoid 

Traumath  hyphemas  (Figun  S- ID  range  from. •.«/!/.  sinus.  Asaresult,eiv..phlhalnu:s(theeyesinksinlothe 

u  herein  only  a  ten  en  thnx  vtes  are  found  fliMting  in  orbiD.dipIopia  (doublec  ision),  and  entrapment  of  the 
the  anterior  c  hamK-r  during  siidamp  esamination.  to  extraixuiar  musi  lc*s  in  the  n-uivillary  sinus  or  the  elh- 
/ur.'iii/.  wherein  bhxxl  ixxils  in  the  lower  |x>nion  of  the  moid  sinus  can  ;xinr. 

anterior  ckambi*r;  to  h’hif.  wherein  the  anterior  cham- 


Ivr  cirtually  fill*,  with  bhxxl.  Partial  hyphemas  a.re 
usuallv  n-sorKxl  through  the  trabivular  meshwork  of 
the  anterior  ihamlx*r  within  a  tew  days.  However. 
appro\im.i!eK  20'.  of  hyphemas  rc*bUxxi  ^  to  s  days 
after  the  injury.  Clf  the  eyes  that  reblml  or  have  an 
initial  total  hyphema.  2')';  to  will  lx*  left  with 
lisual  amity  of  20  '40  or  worsi*.  Fight  pi'rcent  of  the 
injurixl  eyes  that  manifest  hyphema  will  luxe  a  dislo- 


Chemical  Hazards 

While  all  eye  injurii*s  are  lonstderixl  to  be*  poten- 
tiailvi  isionthreatemngandareeinergeiuy  situations, 
chemical  e\e  injuni*s  must  K*  treatixl  immixliately , 
even  bi*fon*  the  viefim  is  trans|xirfixl  to  a  nuxiiial 
faciliti  for  dcfinitiie  can*.  AH  (Itrntuiil  is;v 

« (iiJ.'i/  f/fixc  fhiJf  iii.vLr  Mtih-.  ,1  f/iroJt  to 
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8-11.  Hyfdwmas  are  usually  caused  by  t:dunt  trauma  to 
an  unprotected  eye  and  vary  mild,  in  whidx  there  are 

a  few  erythrocytes  in  the  anterior  charterer,  to  total,  where 
the  entire  anterior  dumber  fills  with  Uood.  This  eye  has  a 
partial  hyphema.  It  resofbed  within  a  week  with  rto  loss  of 
vision.  All  workers  tdto  suffer  Munt  trauma  to  the  eye  and 
adnexa  should  be  referred  for  evaluation. 


visim.  The  intact  einthdium  of  the  cornea  resists 
dairuge  from  a  rathW  wide  pH  range;  however,  a 
chemi^  witfi  a  less  than  4  or  greater  than  10 
increases  cdlular  permeability  of  the  onncRlepitKe' 
lium.”  Immediate  irrigation  with  water  car.  h^  to 
prevent  further  loss  <rfviskm.  Any  dday  in  treatment 
can  cause  pain  and  irreversible  ioK  cf  visicMt 
Any  material  that  is  labded  as  an  irritant  or  a 
corrosive  can  cause  eye  inyuy.  Anterior  segment 
burns  from  Mace  or  tear  gas  shovM  be  treated  as 
chemical  bunts.  Ocular  injury  nrom^Nurklcrs  or  flares 
that  contain  magitesium  hydroxide  should  also  be 
rrtarugfd  as  cheonica],  rathCT  than  thermal,  bunts;  if 
left  untreated,  the  ntagttesium  hydroxide  wiQ  con¬ 
tinue  to  cause  damage  to  the  eye  long  after  the  effects 
of  the  titermal  damage  have  subsided.^ 


rrutch  or  dorette,  or  faulty  jumper  cables  provoke  an 
explosion.* 


AUadiBtms 


Alkali  bunts  may  initially  appear  ittnocuous,  but 
theyteitdtoprogressrapidlyaiidhaveapooterpiog- 
rtosbthaitdoaddbumsfFiguieS-lSh  AUcalisstidtas 
Ijre,  lime  or  plaster  of  Paris,  or  amriKM'.ia  car,  penetrate 
to  danuge  the  deeper  structures  of  the  eye.  Alkali 
bums  teitd  to  be  more  severe  because  alkalis  combine 
rapidly  with  cdt-membrane  lipids  this  derupts  tfte 
microstructure  of  the  cdl  aitd  the  stromal  mucopoly¬ 
saccharides,  causing  the  eye  tissue  to  softeit.  Thus, 
alkali  bams  of  the  eye  require  irrunediate  but  careful 
decontamination  and  treatment 


AcidBtms 


EvmbtMtum  ami  TrrMtmemt 


Acid  bums  rapidly  damage  superficial  tissues  bat 
are  neutralized  by  protein  baxrim  (v^tich  pnevmt 
deep  penetra  tkm)  within  the  first  few  minutes  to  hours 
(Rgure8-12).  There  are  several  exceptrons,  such  as 
hydrofluoric  acid  or  acids  containing  heavy  metals, 
wdiich  can  produce  a  perretrating  iiqury  because  fliey 
resist  the  protein  bar^.  Automobile-battery  explo¬ 
sions  are  probably  the  most  cominon  cause  of  acid 
bumstotheeye^  These  injuries  tend  to  occur  more 
frequently  during  the  winter  monflts  when  a  lighted 


Chemkal  bums  to  the  ^  are  dassified  as  mild, 
moderate,  or  severe.  MUd  bums  cause  comeal 
i^xidfication,  blurring  of  iris  detail,  and  minimal 
ischemic  necrosis  of  the  conjunctiva  and  sclera. 
Reepithelization  will  besluggi^  aiKl  a  mOd  comeal 
haze  win  form,  usually  resulting  in  minimal  loss  cf 
visual  acuity.  Moderate  bums  cause  stromal 
opadfication,  with  increased  corneal  thidenese  and 
considerabie  iritis.  Supetfidal  neovasculaiizafion  ^ 
the  cornea  and  oonjuiKiiva  may  leave  persistent  epi- 
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Fig.  8-lZ  Add  bums  to  theeyesarcmost  commonly  caused  by  battery  expIosions,as  was  this  one.  The  fact  that  the  casualty's 
upper  lid  prevented  damage  to  the  superior  portion  of  the  corrtea  is  of  little  consolation.  After  the  initial  chemical  trauma 
to  the  corneal  epithelium,  protein  barriers  limit  deep  perpetration  by  the  add.  Workers  in  jobs  with  higher-than-normal  risk, 
such  as  chemists  and  batterv  maintainers,  should  wear  chemical  goggles  and  a  face  shield. 


1%  8-13.  Caustic  alkafi  lamps  to  the  eye  lerid  to  be  rnomserkusarkl  debilitating  dun  add  burrs.  Thiscuniea  is  cxtirndyedeiratous, 
and  blmching  of  dwcDi^unctival  and  sckrals'esselshasaccumd.ToprnvRtfiadKrdainageanddeep^issuepenetration.alkali  burns 
rnu<  be  irrigated  with  w-ateritrrmedately;ar^adotr  must  cooliiruewhSe  the  casual!}*  is  transported  toarrredical  treatment  facility. 
Photegraph;  Courtesy  of  Colonel  Francis  C.  La  Harut,  Walter  Reed  Army  Medical  Center,  Washington,  DC. 
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Fig.  MC  Severe  add  or  alkali  bums  that  have  not  been  promptly  and  thcnwghly  irrigated  with  water  often  result  in  pemunent 
corneal  opad&aticn  and  neovascularization.  AfuO-ducknesscomea}  transplant  to  restore  vision  in  thiseyewillbedifiiculttopedbnn 
because  the  vessds  have  ettcroadied  on  the  central  cornea.  If  a  comeal  transplant  is  iwt  possible,  then  this  tvorker  could  wear  a 
cosmetic  soft  contact  lens  with  a  painted  iris.  These  lenses  restore  only  the  appearance,  and  not  the  hmction,  of  the  damaged  eye. 


thelial  defects  that  ultimately  lead  to  stromal  thinning 
and  perforation.  Permanent  visual  impairment  invari¬ 
ably  results  (Figure  8-14).  The  most  severe  bums 
(usually  alkali  burns)  cause  marked  corneal  edema 
and  haze,  along  with  blanching  of  the  conjunctiva  and 
sclera.  Due  to  the  blattching  effect  of  the  damaged 
cornea,  any  underlying  iritis  may  go  undiagno^. 
Ulceration  eventually  occurs  and  pnloration,  due  to 
colIagcnase-IiVe  enzymes  that  are  released  to  heal  the 
inflamed  tissues,  may  ensue.^ 

This  cannot  be  overemphasized:  chemical  bums — 
especieily  alkali— must  be  treated  immediately.  Emer¬ 
gency  treatment  involves  copious  irrigatior.  using  the 
inost  readily  availaUe  water.  Do  not  xoait  for  a  sterile 
j^yskHogkal  or  chemical  neutralizing  solution.  The 
rescuers  should  hold  the  victim's  eydids  apart  even 
though  ^sm  of  the  orbicularis  ocult  muscle  can  make 
this  extremely  difficult  During  the  initial  1  S-nunute 
lavage  (asa  minimum),  the  rescuers  should  telephone 
the  nearest  emergency  room  or  ophthalmologies  of¬ 
fice  to  inform  the  staff  of  the  victim's  pending  arrival. 
AfierthecasuaHyarrivesattheMTF.itrigation  should 
continue  for  at  least  I  hour  or  kmger,  or  until  pH 
(Titmus)  paper  demonstrates  that  the  conjunctival  pH 
is  normal  (the  pH  has  returned  to  73-7.7).  Ey^ 
retractors  may  be  necessary  to  keep  the  vktim'seye  or 


eyes  open,  and  topical  anesthetics  may  be  needed  to 
relieve  the  pain. 

Eyewash  Fountains 

ANSISlandaiti  Z358.1-1981  gives  directions  for  the 
fKOjjieT  installation  and  maintenance  of  eyewash  foun- 
tainsand  showers.  BecausetheflrstlSsecondsfoUow- 
ingadusnicalspIasharetbemostcriticahthestarKlard 
recommends  that  eyewash  fountains  and  showers  be 
located  as  close  to  chemically  hazardous  sites  as  pos¬ 
sible,  preferably  within  50  ft.  Thestandardalsorecom- 
mends  that  all  eyewash  fountains  be  installed  at  the 
same  height  and  in  the  same  position  and  operate  in 
thesamemannerthroughouttheworkplace.  Hand-or 
foot-operated  valves  must  allow  the  eyeivash  fountain 
or  shower  to  remain  on  after  they  have  been  activated. 
PuTthermore,  the  standard  recommends  that  eyewash 
fountains  be  identified  with  a  sign  and  that  the  sur¬ 
rounding  area  be  painted  a  bright  color,  sudi  as  high- 
visibility  yellow  and  black.^’  If  feasible,  an  alam 
should  be  installed  cm  the  fountain  and  should  sound 
when  the  fountain  has  been  activated,  to  notify  fellow 
woricers  that  a  chemical  accident  has  occurred. 

Eyewash  fountains  should  be  checked  and  main¬ 
tain^  routinely.  numbed  e^'ewashfountains  must  be 
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Fig.  ^15.  Eyewash  fountains  and  showers  should  be  (a)  located  within  50  ft  of  a  potential  chemical  hazard,  (h)  accessible, 
and  (c)  painted  high-visibility  colors.  The  hand-  or  foot-operated  valves  must  allow  tfie  eyewash  fountain  or  shower  to 
remain  turned  on  after  being  activated.  Because  chemical  trauma  to  the  eyes  can  cause  severe  spasm  of  the  lid  musculature, 
victims  may  be  unable  to  open  their  eyes  by  thertrseivcs.  Workers  in  chmically  hazardous  areas  should  be  instructed  on 
assisting  injured  cowotkers  at  eyewash  fountains. 


abletodeliverSgallonsofpotablewaterperiiunutefor 
15  minutes  (Rgure  8-15).  In  remote  sites  where  a 
plumbed  water  source  is  not  available,  self<ontained, 
portable  eyewash  .stations  must  be  able  to  deliver  0.4 
gallons  of  water  per  minute  for  at  least  15  minutes.” 
However,  the  use  of  portable  eyewash  stations  (spe¬ 
cially  gravity-flow  eyewash  stations)  is  geireially  dis¬ 
couraged  b^use  the  holding  tanks  must  be  cleaned 
regularly  and  the  bacteriostatic  water,  whidi  is  expen¬ 
sive,  must  be  changed  monthly.  Squeeze-bottle  eye¬ 
wash  stations,  which  are  often  poorfy  maintaitrcd  and 
have  a  properuity  to  harbor  microorganisms,  are  pro¬ 
hibited  by  army  regulations.® 

Regardless  of  how  well  eyewash  fountains  and 
showersareinstalledand  maintained,empk>yeesmust 
be  properiy  instructed  in  their  use.  Training  should 
emphasize  that  victims  may  be  unable  to  open  their 
eyes  after  a  chemical  splash;  the  lid  musculature  can 
react  so  quickly  and  powerfully  that  it  may  be  impos¬ 
sible  for  victims  to  open  their  eye;  without  help. 

Concerns  havesurfacedrecentlyregardingthesafety 
of  eycw'ash  fountains.  Acanth^oeba  polyphaga,  A. 
halchelliand  A.casteUanii  are  small,  free^iving  proto¬ 


zoa  fouiKl  in  soil,  air,  and  water,  and  have  been  cul¬ 
tured  from  water  standing  in  the  pipes  of  eyewash 
fountains.®  Eyecare  specialists  are  concern^  that 
acanthamoeba  organisms  could  be  introduced  when 
theeyesare  lavag^  at  a  contaminated  fountain  afrer  a 
chemical  splash.  Acanthamoeba  keratitis,  a  rare  but 
serious  infection  of  the  cornea,  has  most  often  been 
associated  with  contact-lens  wearers  who  use  home¬ 
made  sahne  solutions  made  with  contaminated  tap 
water.  To  dale,  there  have  been  i>o  reported  cases  of 
acanthamoeba.  keratitis  following  the  use  of  emer- 
geiKy  eyewash  fountains”;  however,  to  reduce  the 
risk  of  acanthamoeba  contamination,  army  policy  rec- 
cmroendsthateyewa^jfoutrtain^flushed  weekly.® 
Army  policy  does  not-specify  the  length' of  lime  lor 
flui?bing5;i>ut  sdentiSc  literaturerecommends  3  min¬ 
utes® 

Smjidemethodsoreyeirngaiiontend  loleavechemi- 
cal  residua  that  can  continue  to  destr^.'  the  remaining 
cornea,  in  part  because  chemicalibom  victims  fight  to 
kcsptheT^-esdcsedin^teoftheabsoIutenecessily 
for  flashing  theeyeswith  water.  Aisewmelhodofeye 
irrigation  is  being  used  at  some  emergency  roomsand 
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industrialfodlitiesthroughouttheUnitedStatcs.  The 
new  irrigation  method  uses  a  Morgan  lens;  a  large 
contact  lens  that  can  be  slipped  between  eyelids  that 
are  open  only  2  nun.  A  small  polyethylene  tube, 
which  is  connected  to  one  side  of  the  Morgan  lens, 
pumps  the  irrigation  solution  into  the  eye.  Once  the 
lens  is  in  place,  the  soothing  bath  of  nmning  fluid 
tends  to  calm  most  chemical-accident  victims. 

Radiant  Energy  Hazards 

Radiation  hazards  can  be  classified  as  industrial  or 
environmental.  Because  many  types  of  radiation  are 
found  in  industrial  settings,  for  purposes  of  this  text¬ 
book  they  ate  classified  within  the  realm  of  industrial 
eyesafety.  These  hazards  should  be  evaluated  by  the 
industrial  hygienist  and  should  be  reduced  or  dimi- 
nated  if  they  pose  a  threat  to  the  workers'  vision  or 
ocular  heal^ 

Ultraviolet  Radiation 

UV  radiation,  the  most  comtiton  cause  of  light- 
induced  ocular  injury,  is  invisible  to  the  human  eye. 
It  occupies  the  regkm  of  the  electromagnetic  (EM) 


radiation  spectrum  between  the  blue  end  of  the 
visible-radiation  region  and  the  region  of  X  radiation 
(Rgure8-16). 

The  categories  of  UV  radiation  are  (fl)  UV-A  (380- 
315  nanometers  [nm]  in  wavelength),  (b)  UV-B  (315- 
290  nm),  and  (c)  UV-C  (290-100  nm).*^*  When  indi¬ 
viduals  are  exposed  to  sunlight,  UV-A  causes  human 
skin  to  tan  (the  radiation  stimulates  the  melaiKxytes  to 
form  pigment),  aitd  UV-B  causes  skin  erythen»  or 
sunburn.  (Large  welding  arcs  can  produce  equally 
hazardous  quantities  of  UV-B  radiation.)  UV-C  is  po¬ 
tentially  the  most  dangerous  to  human  health:  it  is 
used  as  a  bactericidal  and  gennicidal  agent  and  is 
potent  enough  to  kill  htunaits.  The  ozone  layer  in  the 
earth'supperatmosphereonly  partially  absorbs  UV-A 
and  UV-B  radiation;  fortunately,  however,  it  absorbs 
allsoiartadiation!owerthan294nm.  Recentsdentihe 
literature  reports  that  the  protective  ozone  layer  is 
thirming,  and  this  could  increase  the  amount  of  UV-C 
radiation  to  which  we  are  exposed.”  Currently,  the 
only  UV-C  radiation  sources  that  are  detrimental  to 
human  health  are  maiunade,  such  asgermkidal  lamjK 
and  semne  large  welding  arcs,  atKi  welders  and  em¬ 
ployees  who  work  in  research  laboratories  are  the 
most  likely  to  be  exposed  to  it 
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Excessive  exposure  of  the  cornea  to  UV  radiation 
causes  photokeiatitis,  an  acute  ocular  condition  that  is 
characterized  bj'  a  massive  sloughing  of  the  central 
comealepithelium.  (Laymencallthiscondition"snow 
blindness''  or  "weldei's  flash.")  The  degree  of  corneal 
involvement  depends  on  the  victim's  duration  of  ex¬ 
posure,  thecontent  of  UV  wavelengths  that  the  source 
emits,  and  the  energy  level  of  the  luminance.  The 
latency  for  development  of  symptoms  of  UV 
photokeradtis  varies  from  30  minutes  to  24  hours, 
depending  on  the  radiation  dose  that  was  received. 
Symptoms  can  range  from  mild  irritation  and  the 
sensation  that  an  ocular  foreign  body  is  present  to 
severe  photophobia,  pain,  and  spasm  of  the  eyelids. 
Qinical  signs  include  punctate  l^ons  of  the  corneal 
epthelium  that  can  be  observed  with  a  sodium  fluo- 
rescdn  stain.  Therapy  for  this  condition  includes 
short-acting  cydoplegjcs,  such  as  cyciopentolate  (1  %) 
or  homatropine  (2%),  to  relievedli^  spasm.  Topical 
antibiotics  should  be  applied  to  prevent  secondary 
infection.  Pressure  ban^ges,  sedatives,  and  analge¬ 
sics  are  not  absolutely  necessary  but  may  make  the 
patients  more  comfortable.  Victims  of  UV  overexpo¬ 
sure  are  usually  itKapadtated  6  to  24  hours;  complete 
reepithelization  of  the  corn^  usually  occurs  within  48 
hours  after  the  onset  of  symptoms.* 

UV  radiation  was  thought  for  many  years  to  affect 
only  the  superficial  structures  of  the  eye  (the  cornea 
and  conjun^va).  But  recent  studies  suggest  that  the 
depth  of  tissue  penetration  is  wavelength  dependent. 
The  cornea  absorbs  nearly  all  UV  radiation  of  wave¬ 
lengths  shorter  than  290  run,  but  it  allows  longer  UV 
wavelengths  to  be  transmitted  (to  pass  through  it)  to 
varying  degrees:  UV  radiation  with  wavelerrgths  of 
250  run  to  200  run  (UV-C)  prirxurily  affects  the  corneal 
epithelium,  while  U'/  ra^tion  witii  wavelengths  of 
315  run  to  295  run  (UV-B)  terkis  to  affect  the  corrreal 
stroma  and  endotheliiun.^ 

While  the  cornea  and  the  conjuiKtivaiabsotb  rrtost 
UV  radiation,  UV-A  and  UV-B  (depetiding  on  their 
wavelength)  can  be  transmitted  to  the  kns  and  the 
retina.  Arecentstudyof838CIhesapeakeBay  watemren 
concluded  that  irtaeased  exposure  to  UV-B  radiation 
increases  the  likelihood  that  cortical  cataracts 
(opacification  of  the  cortex  or  outer  covering  of  the 
crystallmelens)  will  form.*  However, thcstudyfiuled 
to  demonstrate  any  rdationship  between  UV-A  radia¬ 
tion  arrd  any  Qrpe  of  cataract,  or  UV-B  radiation  and 
nuclear  cataracts  (opacification  of  the  nuclear  or  irmer- 
mostlayers  of  the  crystalline  lens). 

UV  radiation  can  also  cause  letinal  damage.  In 
fimkic  eyes  (eyes  that- have  a  oystallirre  lens),  UV 
radiatkm  with'  wavelengths  greater  than  320  run  is 
transrrutted  in  varying  d^rees  through  tire  eye  to  the 


retina.  InflphaJticeyes(eyesthathaveneitheracrystal- 
line  lens  nor  a  plastic  intraocular  lens  [lOL]  implant), 
UV-A  and  UV-B  radiation  may  cause  retinitis.  Incases 
of  pseudophaJda  (eyes  that  have  had  the  crystalline  lens 
removed  and  replaced  with  a  plastic  lOL  implant), 
ophthalmic  surgeons  are  now  using  lOL  implants  that 
specifically  blo^  the  transmission  of  UV  radiation  to 
the  retina.  Despite  these  medical  advances,  additional 
researchontheretmaleffectsof  UV  radiationis  needed. 

Gnnmercial  and  industrial  sources  that  produce 
high-UV-radiant  exposure  levels  (such  as  UV  lasers, 
wdding  and  carbon  arcs,  industrial  sterilizers,  spec¬ 
trophotometers,  and  devices  to  photoharden  dental 
resins)  are  more  likely  to  produce  harmful  ocular  and 
dermatological  effects  if  UV  protection  is  irKompIete 
or  inadequate.  En^neering  and  administrative  cort- 
trols  should  be  used  to  reduce  the  hazards  from  these 
sourcesbeforepefsonalprotectivedevicesarerequired. 
Woricers  who  are  in  close  proximity  to  welding  opera¬ 
tions  must  be  protected  against  accidental  UV  expo¬ 
sure  with  norKombustible  or  flame-resistant  screens 
or  shields.  In  addition,  painted  walls  should  have  low 
reflectivity  forUVradiation.  Personal  protectiveequip- 
ment  (PPD  such  as  welding  masks  and  goggles  will  be 
discussed  later  in  tius  chapter. 

Infrared  Radiation  and  Heat 

IR  radiation  occupies  the  portion  of  the  EM  spec¬ 
trum  just  beyottd  visible  red  light  and  iiKludes  wave- 
leng^  7PC  to  t,0r0,000  nm.  IR  radiation  is  used  in 
industry  to  dry  stsrji  bake  paints  and  varnishes;  heat 
metal  parts  (or  forging  and  thermal  aging;  and  dehy¬ 
drate  textiles,  paper,  leather,  meat,  and  pottery. 

Although  )R  radiation  can  cause  injuries  to  the  cor¬ 
nea,  iris,  and  retina,  its  danrage  to  tiie  !a\s  is  the  most 
likely  to  degrade  vision.  Minor  IRburnsareusually  of 
littleconsequetKe:  they  produce  only  temporary  edetrta 
and  erytiiema  of  the  eyelids  and  little  or  rto  damage  to 
the  globe.  However,  continuous  or  excessive  expo¬ 
sure,  sudr  as  that  from  furnaces  or  similar  hot  bodies, 
hasbecn  krrown  toproduce  heat  cataracts.  This  typeof 
lens  opacity  causes  sloughing  of  the  lens  cortex  and 
decreased  visual  acuity.  Opacities  of  the  posterior 
portion  of  the  lens  may  also  be  observed.*  These 
cataracts  are  becoming  less  common  as  large  indus¬ 
trial  blast  furnaces  beconte  more  automated. 

Lasers 

Lasers  generate  a  beam  of  radiation  that  is  mono¬ 
chromatic  (of  a  single  wavelength)  and  coherent  (all  of 
the  EM  waves  are  spatially  in  pliase).  Thebeamhasa 
very  small  ORgu/tfrdrtergemr  (the  light  does  not  widen 
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significantly  over  the  length  of  the  beam).  Depending 
on  the  lasing  medium,  the  output  beam  may  be  in  the 
visible  radiation  region  (400-780 nm)  and  w^d  there¬ 
fore  be  seen  as  light,  or  it  may  be  in  the  invisible  (UV  or 
IR)  regions.  The  output  b^m  may  be  a  continuous 
wave,  a  pulse,  or  a  train  of  pulses,  depending  on  die 
manner  in  which  the  energy  is  pumped  into  tlw  lasing 
medium. 

Laser  energy  can  be  transmitted  to  the  eye  in  three 
ways.  The  mo^  hazardous  transmission  method  is 
direct  laser  ey.  posit  re,  in  which  the  individual  looks 
directly  into  the  laser  beam.  The  second  and  almost 
equally  hazardou.,  method  is  specular  reflection,  which 
occurs  when  laser  energy  is  r^ected  toward  the  eye 
from  a  shiny,  highly  polished  surface  such  as  a  mirror, 
a  piece  of  flat  glass,  or  even  the  inside  of  a  tin  can.  The 
method  that  is  least  hazardous  to  die  eye  is  dij^fuse 
rejection,  in  whkh  the  laser  energy  is  reflerted  toward 
die  eye  from  a  dull  (iKMshiny)  object  such  as  a  wall  or 
a  tree. 

Depending  on  both  the  wavelength  and  the  energy 
of  the  laser  emission,  individuals  who  inadvertendy 
look  at  a  laser  beam  may  suffer  ocular  injury  and 
pos^le  loss  of  vision.  Far-IR  laser  radiation  (1,400- 
IJSOOJOOO  run)  and  UV  laser  radiation  cannot  pass 
beyond  the  anterior  structures  of  the  eye.  Omse- 
quently,  low-energy  UV-  and  far-IR-laser  liMlia  tkm  are 
absorbed  the  anterior  segment  the  eye  and  can 
cause  photokeratitis  similar  to  welder's  flash.  High- 
enetg’.',  far-IR  radiation  will  produce  thermal  bums  to 
all  layers  of  the  cornea,  whidi  may  lead  to  permanent 
corneal  scarring. 

Visible  light  and  near-IR  laser  radiation  (780-1400 
nm)  can  pass  through  the  eye  to  reach  the  retina.  The 
degree  of  retinal  damage  is  direcUy  related  to  the 
amount  of  amlnentenergy  and  the  length  of  exposure. 
Long  exposures  (many  seconds)  cause  photocheaiical 
damage  to  the  retina,  while  short  exposures  result  in 
thermal  injury.  The  heat  from  the  laser  emission 
causes  thermal  coagulation  of  the  photoreceptors  and 
odterstructuresof^retina.  Puls^  lasers  (lasers  that 
emit  radiant  energy  in  very  short  {luuxKecondsI  expo¬ 
sures)  aeate  intense  energy  that  caimot  quiddy  be 
dissipated;  consequently,  retinal  cells  explode  and 
create  shock  waves  that  mechanically  destroy  sur¬ 
rounding  tissues  and  cause  a  loss  of  retinal  function 
(Figure8-17).  Theshockwavescanalsoruptureblood 
vessels  in  the  choroid  or  retina  ar^i  cause  detachment 
oftheretina.  Blood  that  hemorriiages  into  the  vitreous 
humor  can  resorb  slowly  and  mechanically  obstruct 
vision  (Figure  8-18).  lit  this  event,  the  prognosis  for 
regaining  nonnal  vision  is  usually  poor,  especially  if 
the  damage  occurs  in  the  central  macular  area. 

ClassifuMtioH  of  Lasers.  As  a  result  of  the  hazards 


that  lasers  pose,  an  empirical  classification  system  has 
been  established  to  warn  users  and  observers  of  the 
associated  risks; 

•  Ctess  1  tosers  are  safe  under  virtually  all  view¬ 
ing  conditions  because  the  output  beam  is  con- 
sidered  to  be  incapable  of  causing  radiation 
damage,  and  is  therefore  exempt  from  any 
control  measures  or  other  forms  of  survefl- 
lance. 

•  Class  2  lasers  are  low-power  devices  tiiat  emit 
only  visibleradiation.  Themaximumpowerof 
this  class  is  limited  to  1  milliwatt  (mW),  which 
is  measured  by  a  7-mm  pupil  diameter  in  a 
viewing  box  (a  black-box  tnodeL  which  is  used 
to  simulate  a  human  eye).  Because  the  dura¬ 
tion  of  the  normal  Mink  reflex  is  OJ25  seconds, 
and  1  mW  is  not  injurious  at  this  duratkxi. 
Class  2  lasers  are  considered  to  be  eye  safe 
unless  a  person  makes  a  deliberate  attempt  to 
look  into  thebeam  for  a  period  longer  than  0.25 
seconds. 

•  CfassSfesersaremedhun-powerlasersandare 
subdivided  into  two  subdasses.  Class  3A  la¬ 
sers  produce  visible  radiation  that,  when 
view^  directly,  is  not  hazardous  to  visfon; 
howevar,  the  beam  may  be  hazardous  when 
collected  aikl  directed  into  the  eye,  as  witii 
biiKxxilais.  Class  3B  lasers  produce  sufficient 
power  to  produce  injuries  when  viewed  di¬ 
rectly  or  by  specular  leflectkm.  Clas3]asers 
usually  do  not  present  a  combustion  hazard. 

•  Class  4  ksCTS  are  high-power  lasers.  Theyare 
hazardous  to  the  eyes  and  skin  when  thm  is 
director^recular'^ieflectionexposure,  and  some 
very  high  power  Class  4  lasers  can  be  hazard¬ 
ous  even  with  diffus?  reflecting  exposures,®^ 
Class4iasers  can  presentacombustion  hazard 
if  used  improperly. 

Sokiters  use  lasers  for  training  arid  weapons-fire 
control  (Table  8-3).  The  Multiple  Integrated  Laser 
Engagement  System  (MILES)  is  a  Class  3B  trainiitg 
laser  that  is  us^  to  Emulate  tile  firing  of  conventional 
weapons.  It  is  considered  to  be  eye  hazardous  to  a 
distance  of  7  m;  beyond  7  m,  the  energy  diminishes 
suffidentiy  to  make  it  ^e  safe  (unless  it  is  viewed 
througli  an  u!ifiltered  telescopic  sight  to  a  distance  of 
300  m).  On  the  battlefield,  two  types  of  fire-control 
lasers  arc  currently  being  used  wiffi  modem  weapons 
systeins:  loser  rantge^rnders,  which  measure  the  distence 
to  the  target,  and  laser  target  designators,  which  irradi¬ 
ate  a  target  with  an  optic^  signature  '  ’lat  can  be  used 
as  a  homing  beacon  for  laser-guided  munitions.** 
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Figi'RfCZrrhis-phutopTaphicsern.'KTnrordsaixsoreye 
mjuu'-anrfiils-alteminth.  Tbeaccidontoccum’d  when 
<1  Insor  rweardt  worker  accidentally  viewed  a  n«v 
ciymiuma'ttrium  aluminum  parnet  {NdtYAO- 
pumpedidye  la^er  with  his  npht  eye  while  alipninp 
the  opfcs  alonp  the  beam's  path:  his  left  eye  was  not 
affected-fa)  immediately  afterthe  accident,  a  large 
tanculnr  licmorroage  can  bi‘  seen  in  the  fundus  of  the 
we;  visual  acuity  is  less  than  20/81)0.  (b)  Nine  d.ws 
later.stjme  of  the  hemorrhage  has  resorbed  but  visual 
acuity  iV  A)  is  still  very'  piHir.  (c)  Fifty-five  days  after 
theacadent,  significantly  less  hemorrhage  and  little 
edema  can  be  seen;  VA  has  improved  to  2fl/Wl.  (d) 
Seventy-eight  days  after  the  incident,  only  a  small 
pocket  of  hemorrhage  remains  and  VA  has  improved 
to  20/30.  (e)  Nearly  6  months  (177  d)  after  the  acci¬ 
dent,  the  macula  appears  normal  and  VA  has  returned 
to  20/20. 
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Fig.  S-18.  Lasers,  which  destroy  retinal  tissue 
through  to  thevascuIarchoioid,cancaiisehenK»'- 
rhaging  into  the  vitreous.  Although  the  hem* 
orriiage  shown  here  will  eventually  be  resorbed 
(albeit  slowly),  laser  injuries  involving  theoentral 
macula  usually  do  not  have  a  good  prognosis. 


TABLES'S 

TYPES  AND  CLASSES  OF  LASERS 


Laser  Type 

Wavclengdi  (run) 

Class* 

Application 

Gallium-Arsenide 

905.0  (near  IR) 

1-3 

Optical  fiber  communication,  direct-fire  simulators, 
and  training  devices 

Example  MILES 

Helium*Ne<m 

632.8  (red) 

2 

Distaiux  measurements,  bar  code  readers,  patient 
aligrunent  in  radiology 

Example:  M55  gunnery  trainer 

Ruby 

6943  (red) 

4 

Tank  rangefinders 

Example:  AN/WG2,M40A3Tank 

Argon 

510.0(blue/green) 

4 

Entertainment,  holography,  printing  plate  manufacture, 
photocoagulation  for  diabc^ 

Nd:YAG+ 

14)64.0  (invisible,  rtear  IR) 

4 

Distance  measurement  and  target  maridng 

Example:  AN/TV(22  ground  laser  de«gnators  and 
tank  rangefinding 

Cpz 

10,600.0  (far  IR) 

4 

Cutting  welding,  engraving,  high-speed  product 
labeling,  and  fire  control 

Example,  no  Cp2  laser  system  is  Added 
currently 

*aass  designation  depends  on  power  output  for  any  puticuiar  appikation 
'^hkodymiunuyttrium,  ahtminum,  garnet 

Reprinted  from  Sliney  DH,  Kotulak  )C  Hazards  of  fielded  lasers.  Mofidrf  BuAef in  tfcr  US  ArTTiy.  1998;82:14-1 6. 
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Classification  and  Surveillance  of  Laser  Workers, 
Appendix  E  of  ANSI  Standard  136.1-1986  provides 
guidance  for  the  medical  surveillance  of  the  dassihca- 
tionsof  laserworkers.^^  Anincidentalworkerisaperson 
whose  work  makes  it  possible,  but  unlikely,  that  he  or 
she  will  be  exposed  to  laser  energy  that  is  sufficient  to 
damage  the  eye.  Incidental  workm  include  operators 
of  fielded  laser  equipment,  individuals  who  oversee 
laser  use  on  approv^  laser  ranges,  and  soldiers  who 
participate  in  force-on-force  laser-training  exercises. 
A  laser  worker  is  a  person  who  routinely  works  in  a  laser 
enviroiunent  and  therefore  has  a  higher  risk  of  acci¬ 
dental  overexposure.  Laser  workers  include  those 
who  regularly  perform  laser  research,  development, 
testing  and  evaluation,  and  workers  who  perform 
routine  laser  mainteirance. 

The  type  of  medical  surveillance  that  is  done  on 
employeesdependson  theclassificationoflaserwork. 
According  to  the  ANSI  stairdard,  incidental  workers 
require  only  preplacement  vision  examinations  using 
a  screening  protocol  (distance  and  nearpoint  visual 
acuity  measurements).  C>ntheotherhand,laserwork- 
ers  require  a  more  extensive  preplacement  examirra- 
tion,  which  includes  a  medical  lUstory,  visual  acuity 
measurement,  and  selected  examination  protocols, 
depending  on  the  type  of  laser  that  they  will  use. 
Periodic  and  termination  examhrations  are  advised 
but  are  not  required. 

Current  U5.  Army  policies  concerning  the  medical 
surveillance  of  laser  workers  are  similar  to  the  ANSI 
standard.  Incidental  workers  require  preplacement 
and  termination  examinations  utilizing  a  screening 
protocol  (distaiKe  and  nearpoint  visual  acuity  mea¬ 
surements).  Laser  workers  must  also  have  prepbce- 
ment  and  termination  examinations,  utilizing  a  dif¬ 
ferent  screening  protocol  (a  medical  history;  distance 
and  nearpoint  visual  acuity  measurements;  and  an 
Amsler  grid  test,  which  tests  nracular  function). 

Laser  Overexposure  Incidents,  AnyDAemployee— 
civilian  or  military— who  is  known  or  suspected  to  have 
been  overexposed  to  laser  radiation  must  be  examined 
by  an  optometrist  or  ophthalmologist  within  24  hours 
of  being  injured.  In  addition,  the  USAEHA  must  be 
noticed  by  telephone  as  soon  as  possible  after  the 
incident,  to  initiate  the  investigatory  process.*^  In  most 
instances,  patients  suspected  of  having  sustained  a 
laser  injury  are  evacuated  to  the  Presidio  of  San  Fran¬ 
cisco,  Cblifomia,  where  they  are  evaluated  at  the  Divi¬ 
sion  of  Ocular  Hazards  at  L^erman  Army  Iitstituteof 
Research  (LAIR).  Civilian  employees  who  do  not  wish 
to  be  flown  to  LAIR  can  be  followed  by  the  nearest 
military  ophthalmologist  or  their  own  civilian  oph- 
thalmolo^atgovemmentexpense.  (WithlhePresidio 
scheduled  to  be  closed,  the  Division  of  OcularHazards 


will  be  transferred  to  Armstrong  Laboratory,  Brooks 
Air  Force  Base,  San  Antonio,  Texas,  in  1993.)  The  laser 
equipment  that  was  used  during  incident  should  be 
seaired  so  the  Laser  Branch  at  USAEHA  can  do  a  full 
technical  evaluation  to  determine  if  the  injury  was 
caused  by  equipment  malfunction  or  operator  error. 

Clinicians  who  examine  workers  who  may  have 
been  overexposed  to  a  laser  beam  should  avoid  mak¬ 
ing  a  hasty  diagnosis  of  laser  injury  until  the  alleged 
incident  h^  been  investigated  and  verified.  Even  if  the 
ocular  sigtrs  and  symptoms  are  consistent  with  over¬ 
exposure  to  a  laser,  the  clinician  should  consider  two 
additional  factors  before  making  a  diagnosis:  the  dr- 
cumstancesof  the  exposure  and  any  preexistingocular 
lesiorrs.  The  treatment  for  patients  with  confirmed 
laser  injuries  is  usually  lirruted  to  observation. 

Thermal  Radiation 

Because  the  eyes  are  protected  by  the  autonomic 
blink  reflex,  thermal  injuries  to  the  eyes  tend  to  be 
limited  to  the  eyelids,  depending  on  theduration  of  the 
exposure.  Most  thermal  bums  are  caused  by  boiling 
liquids,  molten  metal,  flame,  gasoline,  explosions, 
steam,  and  hot  tar.  Glass  and  iron  cause  the  most 
severe  thermal  injuries  to  the  eyes  and  adnexa  because 
their  melting  points  are  high:  1,200°C.  Lead,  tin,  and 
zinc  melt  below  1,(XX)‘C  and  cause  slightly  less  dam¬ 
age  (Figure  8-19).” 

Because  lid  edema  and  pain  may  make  an  objective 
examinationdifficult,appiyingtopicalanesthelkdiops 
such  as  proparacaine  or  braoxinate  may  be  necessary. 
Ocular  bums  should  be  treated  with  topical  antibiotic 
ointment  and  sterile  dressings;  topical  steroids  may  be 
necessary  to  decrease  subsequent  scarring  betweert 
the  eyelids  and  the  globe. 

Radio'Frequencif  Radiation 

Radio-frequency  (RF,  30  cm-1,000  m)  and  micro- 
wave  (1  mm-30cm)  radiation  have  been  implicated  in 
the  development  of  lens  opacities.  Cataractogenesis 
has  been  observed  in  rabbits  when  acute  exposures  of 
RF  radiation  exceeded  100  mW/cm^  for  more  than  1 
hour.  HumanexposuretolOOmW/cm^  would  imme¬ 
diately  cause  a  threshold  response  (the  individual  would 
experience  either  segmental-  or  whole-body  heating; 
he  or  she  would  immediately  move  away  ftom  the 
radiation  beam  and  would  know  that  a  significant 
exposure  had  occurred).  Currently,  there  is  no  evi¬ 
dence  that  chronic  exposure  to  microwave  Eelds  of  10 
mW/cm^  or  less  can  induce  cataracts.^  In  1977,  a 
survey  of  800  workers  in  the  microwave  industry  at 
three  army  installations  found  no  evidence  of  work- 
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Oliiifvticiiial  Hivlllr  Tlie  S<>ItUcr  and  the  hidti^lrial  Ba-v 


Fig.  M9.  Thcrm.ll  injury  lo  an  eye  exposed  to  molten  lead  This  bum  could  have  been  pres'cnted  had  the  worker  been 
It  earinj;  industrial  safety  glasses. 


related  lens  opacities.*' 

From  1986  to  1991,  army  policy  required  that  either 
ascieeningordiagnosticprotocol  bedonconall  work¬ 
ers  who  might  be  exposed  to  RF  radiation.  The  army 
has  since  eliminated  its  ocular-surveillance  program 
because  (n)  RF  exposure  is  a  threshold  effect,  (h)  there 
is  no  method  for  measuring  cumulative  dose  over 
time,  (f)  the  program  has  not  been  cost  effective,  and 
(d)  it  will  not  prevent  RF  exposures  from  occurring. 

Individuals  whoexperience  an  acute  overexposure 
to  mkrowaw  radiation  (including  whole-,  segmental-, 
or  localized-body  warming)  should  be  examined  by  a 
qualified  physician  within  24  hours  of  the  injury.  The 
examination  should  include  a  slitlamp  examination  of 
the  eyes  by  an  optometrist  or  ophthalmologist.  For  all 
DA  civilians  or  military  personnel,  the  physician  must 
report  the  incident  to  the  USAEH  A.*“ 

Electrical  Current 

Theelectrical  field  associated  with  power  transmis¬ 
sion  Is  amsidered  to  be  part  of  the  EM  spectrum  and 
has  a  wavelength  of  1.000  m.  Accidents  involving 
electrical  current  have  been  known  to  produce  cata¬ 
racts  of  the  lens  airtex  and  anterior  capsule.  As  with 
other  radiation-induced  anomalies,  the  latency  for 


cataract  development  can  vary  from  months  to  years. 
Following  an  electrical-shock  injury,  periodic  slitlamp 
examinations  through  dilated  pupils  should  be  per¬ 
formed  to  identify  early  cataract  formation. 

Ionizing  Radiation 

The  cornea,  lens,  uvea,  retina,  and  ophe  nerve  may 
suffer  injury  from  excessive  exposure  to  ionizing  ra¬ 
diation  tom  cyclotron  exposure  or  during  beta  irra¬ 
diation  of  the  periorbital  area  to  treat  malignancy. 
Radiation  keratitis  ranges  tom  a  superficial  punctate 
epithelial  staining  to  sloughing  of  largcareasof  epithe¬ 
lium,  stromal  edema  with  interstitial  kerafitis,  and 
aseptic  necrosis.  Xradiationandotherionizingenergy 
sources  are  well-established  causes  of  posterior  sub- 
capsular  lens  opacities;  at  high  radiation  doses  these 
opacities  can  occur  in  a  matter  of  months,  while  years 
may  elapse  beforcdoseslhatarecloser  to  thcthreshold 
lev’cl  for  injury  cause  cataractogeiKsis.  Four  hundred 
to  24K)0  cGy  of  exposure  are  required  for  cataract- 
ogenesis.*'  Younger  patients  are  more  vulnerable  to 
cataract  formation  than  are  older  patients  who  receive 
the  same  relative  dose  or  exposure.  Intrarctinal  hem¬ 
orrhages,  papilledema,  and  central  retinal-vein 
thmmbosis  are  also  possible  but  rarely  occur. 
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SELECTING  EYE  FROTECnON 


Wearing  PPE,indudmg  eye  protection  such  us  in* 
dustrialsa^glasses,  goggles,  iaceshidds,ancl  weld* 
ing  hdmets,  cannot  oompletdy  diminate  the  possibil¬ 
ity  of  ocuIarinjuiytmderaQdicumstances.  Employers 
are  required  first  to  evaluate  an  eye-luzaidous  opera¬ 
tions  and  dten  to  attempt  to  reduce  or  diminate  each 
hazard  through  engineerii^  or  administrative  con¬ 
trols,  or  both.  If  the  dimination  of  eye^iazardous 
operations  is  not  feasible  these  i^t  dianges,  then 
the  emidqyer  is  required  by  law  to  provide  PFE  for  all 
workers  in  proxhnitytodtehazard.  Protectiveeyewear 
is  also  mandatory  for  supervisors  and  others  tdio 
must  enter  dte  hazardous  envircmment,  even  if  they 
are  not  ]Aysically  htvolved  in  dte  operation.’’ 

In  some  instances,  odwr  types  of  PPE  in  addition  to 
eye  devices  must  be  worn,  and  this  may  influertce 
the  sdection  of  eye  and  face  protectors.  F^example, 
if  leqwratory  protective  equipment  a  hardhat  or 
both  are  worn,  safety  gla^  must  be  compatible 


with  them.  When  maitagement  or  safety  ^ledalists 
select  PPE,  they  often  make  the  mistake  ^providing 
only  one  type  of  eye  protector.  This  simplistic  ap¬ 
proach  foils  to  meet  the  variety  of  eye  hazard  present 
throughout  the  worlq>laoe.  For  exam{de,  industrial 
safety  spectacles  would  ofier  inadequate  protection 
to  a  worker  in  a  battery  shop:  in  the  event  of  a  chemical 
splash,  the  impact-resistant  safety  glasses  would  pro¬ 
vide  insufOdentprotecticmagaii^  battery  acid.  Fur¬ 
thermore,  woricers  should  not  be  allowed  to  wear 
their  dress  safety  glasses  as  a  substitute  for  approved 
industrial  safety  glasses;  dress  safety  glasses  are 
inferkn'  to  indu^rial  safety  glasses  in  many  re^xects 
(Table  8-4). 

Industrial  eye  protection  must  conform  to  09iA 
regulations,  which  orighally  adopted  die  provisions 
of  AT^ISIStarKlardZ87.H968.  Thel968standatdwas 
a  design-oriented  staiulard  diat  dictated  howindus- 
triaheyewearmanufocturersmustdesignsafetyglasBes. 


TABLE M 

COMPARISON  OF  ANSI  Z«L1  AND  Z87,l  STANDARDS 


Criteria 

ZNLl-1979(-Dicatr  Safety) 

ZI7.M9M  nadaalriar  Safety) 

Removable  loses: 

MOuinuin  CnXJcness: 

Notqeesoriptkmlmses 

200  non 

200  nun^ 

IVcxriptkA  kfiMf 

200  nun  center  dnekness* 

3J)0  nun  center  thkkncM 

Flos  lenses  >3jOOD 

IjOO  nun  edge  diicknem* 

Z50  mm  edge  thickness 

Drop  ban  impact  test 

0.63  in.  (15.9  nun)  diameler  steel  baU, 
NLT4  iS^dnpped  fromSOitL 

IjOO  in.dianKterstedbaO,dioppedfrom50in. 

Fenetnrticei  test  (plastic  only) 

N/A 

4420  g  projectile;  dropped  from  50  in. 

Frames: 

rtiglHEniSS  tSiptCI  IfR 

N/A 

SCKLOO  g  pointed  projectile;  dropped  from  130  cm 
(512iiL) 

nigu^VCIOQiyilTfNnBn 

N/A 

025  in.  diameter  ated  ban,  trarding  150  fps 

Nonremovable  kraec 

Minioiuin  tfDCjcnof 

N/A 

SiX)  inm$ 

Ifi^Hnass  inqiact  lest 

N/A 

SOOjOO  gpoinledpnjectile^diopped  from  130cm 
(512iii) 

nigihvaoQCj  unpicc  icsc 

N/A 

(125  fat  dfometer  Heel  bell,  traveliiA  150  fpa 

IVneIntion  tot  (plastic  only) 

N/A 

4420  g  projectile;  dropped  from  50  fat 

Markings 

N/A 

Frames;  Manufroturer’s  trademark 
and  237  logo 

Lenaes:  Manufacturer's  trademark 

♦M^bettiiw>g(biaiiot<2jB>a0ifMd>-vdodryimB>aiBr<agta.itiiawwril(tlhil,ti«vfiiwl50lp«)kBirt 
INLT:  MXlofdMn 

Spiailfc  hma  te  iMwicr  OmI  kM  <  20  naO  if  aB  tayuct  loliiig  rrqalraMnlt  are  met 
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Occupatkml  Health.  The  Soldier  and  the  Industrial  Base 


With  theadvent  of  newer  materials  like  polycarbonate 
plastic  for  ophthalmklenses,  the  new  ANSI  Standard 
Z87.1-1989  has  adopted  a  nvne  performance-oriented 
standard  that  encourages  iimovation  as  long  as  the 
eyewear  meets  rigid  industrial  safety  perfonnatKe 
tests. 

Wearing  compliance  is  usually  the  most  difficult 
aspect  ofany  vision  conservation  program.  GxnpU- 
ance  is  often  poor  among  workers  who  do  not  %vear 
prescription  eyeglasses.  Employers  who  purchase 
more^lish,betto'fittlngftaiim  win  ha  vebetter  rates 
of  compliance  among  th^  employees.  They  wiUfittd 
that  better  oompIiatKe  will  decrease  the  in^ence  of 
eye  injuries,  which,  in  turn,  wiO  lower  injury-oompen- 
satwndaims.  Adequate  supervision  is  alwessoitial 
to  ensure  that  eye  protection  is  rtot  only  worn,  but  also 
is  worn  correctly. 

Ballistic;  Mechanical,  and  lutpact  Protection 

ANSI  Standard  287.1  describes  two  basic  types  of 
impact  industrial  eye  protection;  goggles  arwl  ;q>ec- 
tacles  (eyeglasses)  Orgures  8-20, 8-21,  and  8-22).  Bodi 
areconsideredtobepfawitiyeyeprotectorsftheycanbe 
worn  without  additional  protection}.  Ckig^tes  are 
subdivided  into  two  types  according  to  riieir  use 
impact  (formecbanical  and  ballistic  hazaids)andqrfash 
(for  chemical  hazards).  They  areabosubdivided  into 
two  typesaccording  to  their  wearers:  thccuptypeis  for 
worl^  who  do  iK)t  require  prescription  lertses. 
whereas  the  cover  type  is  designed  to  fit  over  dress  or 
irtdustrial  prescription  eyewear.  When  gc>ggles  ate 
selected,  vervtilatkm  to  prevent  fogging  of  the  lettses 
should  be  evaluated,  topact  goggles  haw  multiple 
holes  across  Ute  top  for  direct  ventilation  cf  warm, 
moistair.  Dustand^dashgogglesshouldhavebafnes 
(indirect  venting),  whidi  permit  air  to  circulate  but 
exclude  dust  and  liquids. 

Industrial  safety  eyeglassesareavailable  with  piano 
or  prescription  lenses.  Frames  for  both  types  must  be 
ittarked  the 287 logo,  which  identifia  d«em  as  an 

approved  industrial  safety  fnune.  In  addition,  indus¬ 
trial  safety  lertses  must  be  identified  with  the 
manufacturer's  monogram  or  logo.” 

Coat 

In  many  instances,  wearing  oempliarKe  is  directly 
rdated  to  the  cost  of  industrial  eyewear.  Woikersare 
more  apt  to  wear  high-quality  eyewear  don  tnexpeR- 
sive,  iU-^tUng  eyewear.  Emmetropic  workers  (diose 
who  do  not  wter  presaqition  eyei^asses)  often  fed 
uncomfortable  wearing  phmoindu«^  safety  passes 


or  goggles  for  long  periods  of  time.  Supplying  these 
workers  with  inexpensive,  ill-fitting  safety  glasses 
or  goggles  will  severely  degrade  di^  wearing  cont- 
pliance.  Likewise,  ametiopic  workers  (those  who 
must  wear  pnescriptioneyegjasses)  will  function  more 
efficiently  with  prescription  industrial  safety  glasses 
than  if  they  are  required  to  wear  goggles  over  dieiT 
dress  safety  eyewear.  TheUSAEHAaedvdydiscour- 
ages  the  wearing  of  goggles  or  piano  ^wetedes  over 
dress  safrty  eyewear  because  visual  acuity  and  job 
performance  can  be  degraded  by  multiple  optial 
surfaces  this  in  turn  decreases  wearing  compliance. 
A  supervisor  should  balaiKe  the  financial  costs  of 
providing  safety  eyewear  to  employees  «^;ainst  the 
bertefits  ^  improv^  vision  coirservation  worker 
performance. 

Trttmet.  FhuneselecdonisaiKttherinajorconsider- 
ation  when  dMxising  eye  protection.  ToetKOurage 
maximum  wearing  comf^iattce,  ettq>loye»  should 
stock  (or  allow didr employees  to otder)safety  frames 
in  a  variety  of  styles,  sizes,  odors,  and  materials, 
inchidinginetatandplas&fraines.  Becausemar^eye 
injuries  arecaused  by  paitides  that  hit  the  eyefrom  the 
si^,  the  itew  ANSI  Standard  Z87.M989 strongty  rec¬ 
ommends  that  side  shields  be  ordered  with  all  safety 
frames  unless  there  is  a  specific  reasem  to  preclude 
them  (sudt  as  restricting  peripheral  vision). 

Lenses.  In  the  current  legal  dimate;  all  industrial 
safety  ^)ectades  should  be  ordered  widi  potycaibon- 
ateiens^  Thisrecommendationstemsfrmalawsuit 
in  which  air  autoworker  (weaiii^  AN9  ZS7.1-4p- 
proved  industrial  safety  glasses)  was  sttude  by  a  for¬ 
eign  object  Butt  shattered  the  glass  industrial  safety 
lenses.  The  court  initially  ruled  that,  because  polycar¬ 
bonate  lertses  were  available  and  would  have  pro¬ 
vided  a  greater  degree  of  eye  protectioit,  bofti  dte 
employer  and  the  supplier  of  the  industrial  safely 
glasses  would  be  liable  for  die  woriter's  injuries.  The 
case  was  subsequenth^  overturned  due  to  a  legal  tech¬ 
nicality;  however,  the  issue  of  providing  stateof-die- 
art  materiab  still  applies. 

Potycarbonate  lotses  are  approxinutely  15-foki 
stronger  than  dtennaHy-tempeied  glass  len^  and  5- 
to6-foId  stronger  than  regular  CR-39(the  39th  Gtlum- 
bia  resin  fonnuls,  an  ophdialmiograde  aO^  resin) 
plastic  lenses  (Table  8-5).  Pdycaib^telet^have 
two  disadvantages  when  compared  with  either  glass 
orCTl-39  lenses:  diey  are  moredifficult  to  manufertuie 
and  are  slighdy  moK  expensive.  Deq)ite  the  safety 
advantages  that  are  ass^ted  with  pofycaibonate 
lenses,however, many  workers  stiQ  prefer  glass  lenses 
because  dtey  are  more  resistant  to  scratch^  frtaddi- 
tion,po1ycarbonaieIense$  should  itotbeprescribed  for 


Fig.  1-29.  Einploy«es  wrarUng  in  eye-hazardous  areas  must  wear  American  National  Standards  Insbhile  <ANSi)  Z87.1- 
approved  industrial  saf^gUoscs.(a)The  young  worker  wears  pbnoindustrial  safety  gIasses(%vithBxed  side  shields)  while 
us^alarge  industrial  saw;  note  the  prominent  yellow  caution  sign,  reminding  all  employees  towcar  eye  protection. 

(b)The  older  worker  wears  prescription  industrial  safely  glasses,  with  mnovaUeside  shields,  inafashionabie  metal  frame. 
A  choice  of  frame  sizes  and  styles  will  usually  improve  wearing  compliance. 
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Fig.  8-21.  Automotn  e  rvfviir  ha^  tho  MVitHd-highcst  rate  of  eye  injum-s  aiTK»pg  workirrs  Rusi  often  falls  into  the  eyes  of 
nHsThanics  wlui  work  unds*r  vehicles,  therefore,  it  is  imperative  that  they  wear  industrial  eye  protection 


Fig.  8-22.  The  soldiiT  on  the  left  is  wvanng  industrial  .safety  goggles  over  the  standard  military-issue  ej  eglasses.  Currently, 
the  military  optical  fabncalion  lab'iratorn’s  do  not  manufacture  American  NatiotuI  Standards  Institute  (ANSI)  ZK7.1- 
approv  tsl  inditstn.i!  srfety  ev  eovar.  how  e\  er,  soldiers  can  land  should'  obtain  ci  vilun-style  industrial  safely  glasses  in  the 
same-  m.iniHT  a>  tlwrav  ilian  ciuintiTparls  The  soldier  i*nthenght  is  wearinga  pairof  Visi-Specs(visitor'sspectacles),  these 
should  K'  issued  to  tmpi'rary  rwrkers  or  \  isi  tors  w  ho  must  enter  eye-harardous  aa'as.  Caution  shinild  K*  exmiscd  when 
issuing  VisoSpivs  Kvause  some  are  not  ANSI  Z)l7.1-,ippro\xd 
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TABLE  S-5 

IMPACT  DATA  FOR  OPHTHALMIC  LENS  MATERIALS 


ausin  (USOfat  LOOOto 


tens  Material  (3-aimfliirlmm) 

fHb 

mph 

Mb 

fHb 

mph 

Glass,  heat  treated 

Oj040 

63 

0.127 

40 

1.450 

17 

Plastic  {CR-39) 

0370 

196 

a9so 

109 

169 

15 

FOtycaibonale 

424* 

65^* 

126* 

399* 

>9 

>42 

arefior  1.9-inm  polytarboMlr 

Scwtr  Cbo^iScd  OavH  JK.  Genlex  0p6ci.  liK«  Dudky,  MaaaadittMttx  faan  rcfMKh  data  6001  (>)  WiQ^eswctth  EC  A  ODoqianlivc 
asacMOcnt  of  qic  |)rolKthfed«vion  and  a  proposed  s3Mm  of  aoccptam  and  gtading.  dn  /  0)^  drck  Ah  Aw(  1972;49-^-^  and 

(OLMMTeDA.DmkfpnnaofOnerii0>eTeaMdkcdi/in^^tmtTmtP»)laiatDnias.  OodpntACtcNMMMelJnMvteoiOoaipilkmit 
Safety  awl  tteUv  Au^  1977.  NI06H  Rcwrodi  iVoirot  210-7S006BL  Reprinted  wid>  pcfinMon  iron  Cknkx  Optia. 


tndividuab  who  require  conectiofts  exceeding  14iX)  workers  perori ve  sunglasses  and  photochromic  knses 

diopters;  excessive  diromatic  aberration  (colon  that  as  a  job  benefit  or  perquisite. 

outlineobjects)inay  decrease  visual  acuity  attd  patient 
acceptance.  FmuSUMs 

The  prescribing  optometrist  or  ophthalmologist 

must  decide  whedier  the  worker  nee^sin^vision  Wotken  who  require  £ace  and  neck  protection  in 
(moiKrfocal),  Ufocal  tiifbcaL  or  some  other  type  of  addition  to  eye  protection  should  use  ftcc  shields 
occupatkm-spedfic  lenses.  Single'Vision  len^  ate  CRgure8r23).‘nM^areoftenwombyworkeninmetal 
usually  leconunendcd  for  nonpresbyopicindivkiuals  manufocturing  opoations  (such  as  grinding  or  ma- 

orpresbyof^indi^ualswhoworicatasmglewotk*  chinii^  of  parts)  where  fodallaceratioits  can  be  paitt- 

ii^  distance.  Bifocal  or  trifocal  lenses  should  be  pre-  fulanddis^wing-Theymayabobewominpai^g 

scribed  for  presbyopic  individuals  whose  job  b  per-  operationsorareaswherechemicalspiashesarelikdy. 
formed  at  two  or  more  distances.  Some  occupatiems.  However,  according  to  ANSI  Standard  Z87.1,  fore 

such  as  carpentry,  require  special  double-regment  shtdds  are  considered  smmdery  eye  protection  (Utey 

lertses  fre  workii^  both  overhead  ai«d  at  fire  normal  must  be  worn  over  a  primary  eye-protective  device 
reading  position.  like  industrial  safety  glasses  or  gog^).  ANSlStart- 

Photoduomic  and  tinted  lenses  provt^  contco-  dard  Z3S7.\  requires  that  fi«e  nunufocturer's  trade- 
versy;  some  suggest  that,  in  certain  occupations,  they  mark  and  die  2^  logo  be  viable,  just  as  they  must  be 

may  actually  contribute  to  on4he^  injuries.  One  on  safety  glasses.'* 

prtMem  is  dtttphotochroinicleiisesaretniKleof  glass, 
whidi  is  less  impact-resistant  than  fdastic.  Another  Cheinical  Protection 
problem  is  that  tinted  or  photochromic  lenses  cannot 

adapt  quickly  enough  to  rapid  chai^  in  Ohtmina-  Chemkal  goggles  (also  known  as  splash  goggles), 

tion.  Freexami^,  if  a  forklift  operator  wearing  pho-  foce$ludds,orbodishouIdbewomvdKteverthereis 
toduomic  lensM  drives  into  a  warehouse  fiom  die  ari3kofachemkalq>lash.Splashgog^areptimary 
outride  (from  a  br%ht  to  a  dark  environment),  the  eye  protectors,  ofiioing  die  same  degree  of  impact 
ler^  can  increase  risk  of  serious  injury:  die  time  protection  as  do  impact  goggles;  however,  ^ilash 
that  is  required  for  die  photochromiclei^  to  change  gogg^  differ  fiom  impact  gog^  in  diatdity  have 
from  dark  to  light  may  put  the  operator  at  risk  of  baffled  or  indirect  ventilation  diat  keeps  liquid  and 
injuring  himsdf  or  odiOT  if  he  cannot  see  property  as  dwmkals  out  (Rgure  8-24).  laqiactgonle>'^‘*lfl'^'sir 
he  enters  die  dark  waidiouse.  However,  vddle  tints  diiectvendngtyslein,ahouUnRKrbeusedfo<hemka)ly 
and  photoehromlc  lenses  are  controversiaL  there  is  hazardous  aiCM.  The  following  guiddBnet  have  been 
little  doubt  diat  they  improve  wearing  oooqiiianoe:  cstablislied  to  protect  die  eyes  firm  dienUcal^ilash: 


2S3 


(Vi»)u/<i>/Mf  Ttii' SoUvr  riliJ  f/ir  litJii^lnii}  ftix‘ 


Fig.8-23.Fja’shii‘U>(s».vondarypr<v*«\(>«fs)ari*dfM};tK'dtopn>U'vtlhocntirefaiv.nH*\  mu\tK*vv«movcnrtdU'tnal>j|rfv 
BlasNOs,  ptcturi>d  here,  or  cht’iniCAi  .••/■KflJo  <  A  .wruran  National  Standards  Institute  I  ANSI)  ZK/  I  -apptov  I’d  pnman,’  et-e 
proli’ctorsl 


Fig.  S-24.  These  Mildiers  are  K>th  wearing  AnKnean  National  Standards  Institute  (ANSI)  /JC.I-appr»\ed  goggles  The 
Mildieron  the  left  is  wearing  chemical  goggles  with  indiavt  venting  (which  ptwents  Ihedirvvt  transmission  of  fluids),  the 
soldier  on  the  right  is  w  eanng  impact  goggles.  Impact  goggles  should  nev  er  he  worn  if  there  is  a  risk  of  chemual  splash,  hut 
chemical  goggles  do  offer  ballistic  pn'tivtion  and  thev’  may  be  worn  in  Killistically  and  mesKinically  Iw/ardoiis  areas. 


Conffmng  Vision 


Hg.8>2S.  For  maxiinu(ncye,face.and  neck  protectionagainstdiemicaUpIashand  hazards,  workers  should  wearface  shields 
over  their  chemical  goggles. 


•  if  the  risk  of  chemical  splash  is  miiumai  to 
moderate,  and  if  there  is  some  risk  of  ballistic 
or  mechanicai  injury,  then  chemical  goggles 
iiuy  be  worn  alone. 

•  If  the  risk  of  chemical  splash  is  moderate  to 
high,  and  if  there  b  inaeased  rbk  of  ballbtkor 
mechanical  injury,  then  the  worker  must  wear 
both  a  face  shield  and  chemical  goggles  for 
maximum  protection  (figure  8*25). 

Radiant  Energy  Protection 

NI05H  and  other  agencies  have  studied  die  effects 
of  U\'  and  !R  radiation  and  have  issued  guidelines  on 
the  maximum  permissible  exposure  lei'eb  (PELs)  and 
theuseofft]teringdevices(Table8-6).  filtering  lenses 
are  designed  to  reduce  the  intensity  of  specific  wave* 
lengths  of  optical  radiation;  the  degree  of  reduction 
depends  on  the  density  of  the  filter,  filtering  lenses, 
however,  should  not  be  confused  with  tinted  lenses. 
Tinted  kmses  (such  as  those  in  sunglasses)  reduce  the 


overall  intensity  of  the  visible  light  and  are  usually  nut 
wavelength  sp«ific. 

Uitraviolet  Radiation 

Welders  tend  to  have  a  high  degree  of  wearing 
compliance.  One  reason  for  thb  may  be  the  image  of 
specialized  training  that  the  welding  helmet,  like  the 
hardhat,  conveys.  A  second  reason  b  that  many  (if  not 
most)  welders  have  had  at  least  one  overexposure  to 
UV  radiation  and  have  experienced  the  painful  effects 
ofaphotokeratitb.  Despite  thb,  however,  some  expe- 
rien^  welders  continue  to  get  overexposures  be¬ 
cause  they  often  strike  the  welding  arc  before  they 
bring  the  welding  helmet  into  position. 

In  addition  to  protecting  themsdves  against  UV 
radiation  exposure,  welders  must  also  wear  ballistic 
eye  protection  to  predudeanysecondary  injuries  from 
stray  foreign  bodies  (figure  8-26).  A 19^  study  of  the 
Workers'  C^pensationBoardof  AKieTta,Cana<Li,found 
that  21%  of  aQ  reported  eye  injuries  im’olved  weldeis. 
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TABLES^ 

GUIDE  FOR  WELDING  SHADE  NUMBER 


Opcntkm 

EtcctfodcSixe 

(mm) 

AitCatrml 

(A) 

Minimni 

SlMdeNa 

^lidded  metal  arc  welding 

<23 

<60 

7 

2S-tJ0 

60-160 

8 

10 

4JB-6A 

160-2S0 

10 

12 

>64 

250-550 

11 

14 

Gas  metal  arc  welding  and  flux 

<60 

7 

cored  aic  welding 

60-160 

10 

11 

160-250 

10 

12 

250-500 

10 

14 

Gas  tui^sten  arc  welding 

<50 

8 

10 

50-150 

8 

12 

150-500 

10 

14 

Air  carbon  arc  wdding 

(Light) 

<500 

10 

12 

(Heavy) 

500-1X)00 

11 

14 

Plasma  arc  welding 

<20 

6 

6-8 

20-100 

8 

10 

100-4UO 

10 

12 

400-800 

11 

14 

Plasma  arc  cutting 

(L4;ht) 

<300 

8 

9 

(hMhtm) 

300-100 

9 

12 

(Heavy 

400-800 

10 

14 

Torch  brazing 

— 

— 

3or4 

Torch  soldenng 

— 

— 

2 

Carbon  arc  wdding 

— 

— 

14 

Plate  thkkneM 

(in) 

(mm) 

Gasvvelding 

light 

<V4 

<3^ 

4or6 

hMhim 

H-V4 

32-12.7 

5or6 

Heavy 

>14 

>12.7 

6or8 

Oxygen  cutting 

light 

<1 

<25 

3or4 

Medium 

1-6 

25-150 

4or5 

Heavy 

>6 

>150 

5or6 

fkfJfMcd  wMi  pcnnteion  of  iltr  Amcricen  WtSditifc  Socirty.  Micni,  R*,  1991 
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Con'^mnt;  Vmoii 


Fig.  8-26.  Statistically,  wvIdiTs  suffw  tho  grcatot  number  of  radiant-energy  eye  injunes  In  addition  to  weanng  leather 
gIove>.  a  leathiT  apnm,  and  heanng  pnrtection.  welders  must  also  wear  Amencan  .\ational  Standards  Institute  (ANSI} 
Z87  l-apprint-d  industrial  safety  gbsses  (to  preclude  ballistic  or  mechanical  eye  injunes)  in  addition  to  the  standard 
welder's  helmet  The  density  of  the  tillenng  lens  in  (he  welding  helmet  depends  on  the  type  of  welding  torch  used 


Fig.  8-27.  Laser  workers,  such  as  bser  tnainlenana*  piTsonnel  and  User  researchers,  must  wear  appropriate  eye  proteclion, 
consisting  of  w  av  elength-speafic  filtenng  lenses,  whenev  er  they  w  ork  with  or  arc  iwar  a  bser.  Laser  goggles  arc  preferred 
over  laser  spectacles  they'  pawont  injunes  to  the  letma  fnim  the  side  Repnnted  from  the  cover  of  CkcufVthml  lltallh  & 
Safct*i  July  S)  Photograph  by  JivCnffin. 
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i\eariy  75%  of  these  injuries  were  caused  by  cold  metal 
foreign  particles,  and  occurred  during  nonwdding  tasks 
sudi  as  chipping,  grinding,  or  buffing.^ 

Infrared  Radiation 

IR-absoibing  lenses  vary  according  to  thedegree  of 
absorption  required.  Unfortunately,  good  IR-absorp- 
tive  lenses  also  diminish  the  transmission  of  visible 
light.  Cobalt-blue  filters  are  issued  to  woikers  who 
determine  the  temperature  of  the  melt  in  steel  manu¬ 
facturing.  Didymium  lenses  elimiiute  much  yellow 
sodium  flare,  whkh  is  a  common  hazard  in  the  elec¬ 
tronics  and  glass  industries. 

Lasers 

No  single  typeoflight-iiltefing  device  offers  protec- 
tionagainstaUIaserwavelengths.  Currently,  thereare 
two  types  of  filtering  technology  used  to  protect  sol¬ 
diers  and  workers  against  la«^  dye  absorbers  and 


repectoTs.  Dye  absorber  devices  must  be  of  sufficient 
filtering  density  for  a  particular  wavelength  of  laser 
emission  to  pio^eappropriatevisicm  protection  (Rg- 
ure8-27).  Iforexam]:^,toreduceaCI^41a5erfnm 
a  I&-W  output  to  a  safe  lexol  of  1  mW,  the  filtering 
goggles  (or  spectacles)  must  be  optical  density  4  (able 
to  reduce  the  radiant-energy  levd  by  a  factor  of  10*)  for 
that  particular  wavdength. 

Reflective  technology  includes  dielectric  stacks  and 
kotcgram.  Whilethesetwoprocessesarebothconsid- 
ered  to  be  reflect:  ve  technology,  the  applkation  of  the 
technology  differs  slightly.  For  example,  didectric 
stacks  refl^  a  given  wavdength  by  layering  6  to  12 
layers  of  two  different  dielectric  (insulate)  materials 
that  are  only  as  thick  as  one-half  the  wavdength  to  be 
reflected.  Examj^ofdielectric  materials  are  sUkone 
dioxide  and  magnesium  fluoride.  If  one  laser  wave- 
length  (eg,  helhu^neon  |He-Nel  at  632.8  nm)  %vere  to 
be  reflected,  then  12  la3rers  of  alternating  dielectric 
materials,  each  layer  be^  316.4  nm  thidc,  would  be 
applied  to  a  lens.  If  a  second  laser  wavelength  (eg. 


Fig.  t-2t.  (a)  The  Hebn  of  1 51 4,  never  widely  accepted,  could  be  used  only  triten  the  hdmet  rested  on  or  was  attached  to  the 
shoulders  of  the  armored  soldier  (plOO).  (b)  An  experimental  1918  French  helmet  flttcd  with  a  Polack  visor.  The  vbor  is 
shown  d  rapped  in  to  placv,  but  was  designed  to  be  worn  up  over  the  hont  of  the  hebnet  when  not  needed.  The  thin  laminae 
and  their  vertical  supports  %vete  mounted  edgewise  to  interfere  as  tittle  as  possible  trith  the  sddiers'  vision.  However,  as 
a  defriise  against  a  missUe  or  ball  travelbg  at  600  tps,  'the  Polacfc  visor  is  held  to  be  worse  than  useless;  it  is  penetrated. 
shatteted,and  an  even  more  serious  wound  would  be  caused  by  theraggcd  ban  and  the  inbentand  broken  ends  of  the  visor's 
laminae-  (p%).  . - . . . . . - . . . ► 


Gvivn-tiJi*  I'/'Iik; 


Fig.  S-2*.  (c)  Tin;.  Bniish  face  shield  (designed  1915-l9l6)consistcd  of  a  steel  plate  pieraKl  with  Mitical  and  hon/ontal  shts 
in  front  of  each  e)'e  It  wasdesigned  tobc  worn  fitted  underthcsoldier'scap,^tnc\erpnign‘ssedK'>ondlheexpenmentat 
stage  <ppni-132'  (d)  US  Army  Colonel  W.  Holland  Wilmcr  suggested  this  19m  visor  design.  It  was  based  on  tfw*  single- 
slot  c>v  shield  UH-d  by  Natiw  Amcncans  in  the  northiscst  to  proiecl  agaiast  snoiv  blindness  .Made  of  soft  steel,  the  \  isw 
fit  snugly  against  the  browand cheeks  by  means  ofa  sponge-rubber  cushion,  wasattached  to  tK'soldier'shdmet  by  aspnng. 
and  was  designed  to  fit  both  Bntish  and  American  helmets.  The  visor  permitted  a  wide  range  of  vision  Note  the  apertures 
beneath  the  slifs,  thev-  were  positioned  to  allow  the  wearer  a  stereoscopic  field  of  the  gnnind  immedutely  in  front.  These 
visors  were  dtsappmv  ed  because  they  were  not  readily  kept  in  position  (p236>,  (This  photograph  courtesy  of  Franas  G  Li 
Piana.  Waller  Reed  Army  Medical  Center,  Washington,  DC)  (e)  These  1917  Bntish  “splinter  gt^les,*  made  of  steel  and 
weighingabout  55ounces,  were  said  toallow'surpnsingly  clearand  extended  vision  through  tiwirnarrow  (02-flA-in)  slots. 
However,  although  these  privately  manufactured  goggles  were  sold  toalla'd  soldiers,  they  nev  er  gained  general  aca’ptanre 
<p2.3.3),  lITiotograph  courtesy  of  Francis  G  La  Ptaru,  Walter  Reed  Army  Medical  Center,  Washington,  DC),  (f)  The  chain- 
mail  val  was  the  only  ev  edrfense  produced  by  the  Bntish  in  large  numbers  ( 191f»-19I7)  The  visor,  madeof  closely  woven 
links,  attaches  toa  metal  rod  that  passed  under  the  bnm  of  the  helmet.  Visors  of  this  type  weresentlothefrontdunng  World 
War  1,  but  the  soldiers  'found  thm  tube  annoyingand  s<ion  cast  them  off.. ..In  actual  use  they  pmdutvdiz/iness,  for  the 
links  of  the  visor  change  position  in  front  of  the  wearer's  eyes,  following  every  movement  of  the  helmet"(pl?3)  The 
designers  of  this  eye  armor  anticipated  that  it  would  prevent  SB'S  of  battlefield  eye  injuni's.  (This  photograph  courtesy  of 
Colonel  FranasG  I.a  Piana,  Walter  Reed  Army  Medical  Center,  Washington,  DC)  Swirce  (figure legcndsa-f,phi>tographs 
a-c,  e)-  Dean,  B  Hfimei*  and  Rv/y  Armor  iit  Modmi  War/are.  Turkahoe,  NY.  Carl  J  I’ugliese,  1977. 


Occupational  Health.  The  Seedier  and  the  Induslnal  Base 


neodynuumryttriuin  aluminum  garnet  |Nd:YAG]  at 
1X)64.0  nm)  were  to  be  reflected,  then  an  additional  12 
layers  of  alternating  dielsctiic  materials,  each  layer 
b^g53Z0nm  thicK  would  beapplled  over  the  first  12 
layers  of  dielectric  materials.  Dielectric  stadcs  have 
this  advantage  over  Altering  technology:  they  do  not 
dimmish  broad  bands  of  usable  light  as  dye  absorbers 
do.  The  disadvantages  of  dielectric  stacks  are  twofold: 
the  manufacturing  process  is  still  very  expensive,  and 
tlie  degree  of  eye  {Section  dittunuhes  rapidly  if  the 
laser  beam  were  to  hit  the  dielectric  stack  ^-axis  (not 
perpendicular  to  the  dielectric  stack). 

The  underlying  principle  for  hologram  reflectors  is 
similar  to  that  for  dielectric  stacks.  The  difference  is 
that  the  hologram  utilizes  a  photographic  Aim  20  pm 
thick,  which  contains  hundrnls  of  layers  of  high-  and 
low-reflecAveregions.  Theadvantagesanddisadvan- 
tages  of  hologram  reflectors  are  the  same  as  those  for 
dielectric  stacks.  PerhapstherruistsigniAcantdisad- 
vantage  reflective  teleology  15  that  the  reflections 
aeate  a  large  battleAeld  signatun.v  easily  seen  by  en¬ 
emy  snipers  and  gunners.  Future  laser  protection  may 
condnne  both  Altering  and  reflective  technolo^es  to 
protect  against  multiple  laser  wavelengths. 

Eye  protection  for  carbon  dioxide  lasers,  which 
radiate  intense  energy  and  can  cause  thermal  bums  to 
human  tissue  induding  the  eyes  and  skin,  oemsists  of 
regular  industrialsafetyglasses(oraface$hieid)made 
with  CR-39  plastic  or  polycarbonate  plastic.  Conse¬ 
quently,  no  tint  or  Altering  device  is  needed.  Glass 
lenses  are  not  recenunend^  for  use  in  eye  protectors 
because  the  energy  intensity  Aom  the  carbem  dioxide 
laser  beam  could  cause  them  to  shatter. 

Militarily  Unique  Eye  Protection 

Armies  have  always  sought  eye  armor  that  would 
protect  the  vision  of  their  Aghting  forces.  However, 
soldiers  have  always  resist^  wearing  such  PPE  be¬ 
cause  it  restricted  their  peripheral  vision,  or  was  too 
heavy  or  cumbersome  (Hgurc  8-28).  The  U5.  Army 
enteral  World  War  II  with  no  eye  protection  for  its 
soldiers.  The  sun,  wind,  and  dust  (SWD)  goggle, 
however,  was  devekqied  in  1942  for  use  in  the  African 
desert 

Efforts  to  dex-elq)  eye  armor  continued  after  World 
War  II.  In  approximately  1953,  Joim  Fair,  an  ophthal- 
mologisl  whoserved  in  the  Korean  War,  advocated  (to 
no  avail)  that  both  amelropes  and  enunettopes  wear  a 
spectacle  made  of  case-hardoied  glass  refnetive  ma¬ 
terial,  wHh  cable  temples  and  side  shields.  Later,  an 
ophthalmology  consultant  to  The  Surgerm  General 
anticipated  llw  threat  from  battleAeld  la^  and  advo¬ 
cated  that  AMEDD  and  the  Army  Materiel  Command 


(AMO  work  together  to  develop  laser  eye  protec¬ 
tion.^  Developing  eye  protection  remains  a  challenge 
today,  because  for  the  errunetrope  it  is  considered  to 
be  b^y  armor  (a  nonmedical  item),  whereas  for  the 
ametirt^  it  is  a  refractive  device  (a  medical  item). 

Despite  development  efforts  during  the  1950s  and 
early  1960s,  soldiers  went  to  Vietnam  with  essentially 
noeyeprotection.  SoldierswhowereissuedtheSWD 
gog^e  usually  wore  them  cm  top  of  their  helmets 
(otherwise  known  as  the  Rommel  portion).  Inl962,a 
researcherattheUS.  Army  Natick  Researdi,  Develop¬ 
ment,  and  Engineering  Crater  developed  the  tedi- 
nique  to  injection-mold  polycarbonate  plastic,  which 
in  turn  led  tothe2-mm'thickpolycarbotutefaceshidd 
that  was  used  in  thearmy  aviator  helmet;  many  pilots' 
eyes  were  saved  during  the  Vietnam  War  because  they 
wore  this  helmet  while  flying.  Attaching  the  pdycar- 
bemate  face  shidd  to  the  infantrynum's  hel^  was 
another  idea  that  was  proposed.  Because  the  army 
could  barely  enforce  the  requiremcntthatinfontiymen 
wearahdniiet,however,enforcingarequireinentlowear 
eye  protection  was  thought  to  be  next  to  impossible.’'’ 

Brause  standard  military  spectacles  do  not  pro- 
vide  adequate  protection  against  ballistic  or  laser  haz¬ 
ards,  AhKDD  developed  the  BLPS  to  provide  more 
effective  eye  protection  for  soldiers  during  training 
and  combaL  The  BLPS  is  a  wrap-around  polycarbon- 
atespectade  with  ^pArrfoiiJ  lenses  (designed  to  curve  in 
two  meridians),  arid  provides  protection  against  both 
ballistic  projectiles  arid  laser  energy.  Itcanbewomin 
garrison,  while  playing  sports,  while  working  around 
the  house,  or  even  while  mowing  the  lawn.  The  kit 
indudes  a  dear  pair  for  everyday  use;  a  tinted  pair  for 
surmy  environments;  and  a  green-tinted  frontsert, 
whid)  dips  to  the  front  of  the  BLPS,  to  protect  the 
weareragainst  low-energy  lasers.  Ametn^  soldiers 
are  provided  with  a  prescription  backsert,  which 
mounts  bdtindthepofycaiboriateeyewear(HgureB-29). 

The  SPECS  system  is  similar  to  the  BLPS  in  that  it  is 
made  of  polycarbonate  plastic.  However,  it  diAers 
from  BLPS  in  that  the  len%s  are  cyfiHdruaf  (designed  to 
curve  in  one  meridian)  to  facilitate  the  application  of 
dye  absorbers,  holograms,  or  dielectric  stii^  for  pro¬ 
tecting  the  soldier  against  laser  hazards.  Currently, 
there  is  no  means  for  providing  prescription  lenses  f^ 
ametrr^  soldiers. 

Contact  Lenses  in  Industty 

Wearing  contact  lenses  in  eye-hazardous  occupa¬ 
tions  has  always  been  very  controversiaL  Approxi¬ 
mately  12  to  ISmillion  Americans  wear  contact  lenses; 
an  additional  2  million  new  wearers  are  Atted  eadt 
year.”  Some  people  are  absolutely  required  to  wear 
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Fig.  S>29.  Fnim  the  loft,  Iho  throo  M'fd  ior>  iiv  w  coring  door  Ballistic/LiM.'r  I’rotoclivoSpcctoclos  iBLPfi),  dear  Mlh  the  tw  iv 
wavelength  laser-pnitective  fitintwil,  and  amK*r  (for  «iunm  da\‘s)  In  addition  to  pr«n  iding  halliMic  and  Uht  protection  to 
einnH*lR)pic^>ldieTN,BL(’Scanbefitu<dwithalenccamerhehindtheproU'ctivee>’ecvrapforametropiCMildiers  Thefourth 
MildicT,  nghl,  ^  wearing  the  Speaal  J’rotectice  Eewear Cylindrical  S)Mcm  (SPECTS)  wilhoul  refli'Ctive  lanT  tivhm>logy 
Currently,  SPECS  in  K'ing  developed  for  emmetropic  Mildier.  only. 

contact  k*nM.*s  to  anrect  visual  problems  such  as  am  tvearing  contact  lenses  will  actually  fare  bciter 

aphakia,  high  degrees  of  myopia,  keraUiconus,  or  ir-  against  ballistic  and  chemical  ha/jrds  than  others 

regular  corneal  astigmatism  fmm  aimeal  scarring.  whose  corneas  are  unprotected.  Be>th  rigid  ami  soft 

These  workers  may  actually  function  more  effiaently  aintact  lenses  redure,  and  can  stimcttmes  deflect  the 

and  be  less  prone  to  on-thc'-k'b  accidents  when  they  destructive  forces  associated  with  projectiles,  fore  ign 

wear  contact  lenses  than  if  they  wear  eyeglasses."^  bodies,  and  chemical  splashes  However,  work  ’rs 

I  lowever,  most  aintact  lens  weareTs  wear  them  for  must  be  counseled  regularly  that  amtact  lenses.  I  v 

aismetic  reasons.  themselves,  do  not  provide  sufficient  eye  protection  in 

There  are  significant  sifety  concerns  regarding  the  an  industrial  environment  against  either  ballistic  or 

use  of  contact  leases  in  industrial  setting.s.  One  con-  chemical  hazards.  Goggles  or  pbno  sifety  glas.ses 

a*rn  is  that  amtact  lens  wearers,  hke  emmetropic  must  K’  worn  over  amtact  lenses,  even  though  they 

individuals,  may  not  wear  the  safety  glas.ses  that  the  defeat  the  aismetic  effect. 

employiT  provides.  Another  cona.*rn  is  that  dusty.  Wearing  contact  lenses  in  chemically  ha/iirdous 
oily,  or  chemically  toxic  environments  may  not  K*  environments  provokes  still  more  amtroversy.  In 

appropriateforvveariiigamtact  lenn’srdustorforeign  197H.  NIOSH  recommended  that  contact  leases  not  K' 

bodii’s  can  become  trapped  under  rigid  amtact  lenses,  worn  when  employees  were  working  with  any  of 

causing  corneal  abrasions,  aid  toxic  chemicals  can  be  several  hundred  listed  chemicals.  The  rationale  was 

absorbvxl  into  the  matrix  tif  soft  len.H’s,  leading  to  a  that  rigid  contact  IenH>s  might  trap  chemical  vapors 

pos-sible  toxic  exposure  to  the  cornea.  In  addition,  beneath  them,  while  soft  contact  leases  might  absorb 

coworkers  might  be  uaible  to  rvmovv  the  amtact  tiie  vapors,  which  would  prolong  the  contact  time  of 

lenses  if  a  chemical  were  to  s^kish  into  the  eyes,  thus  the  chemical  As  a  result,  industrial  safety  specialists 

prolonging  the  amtact  time.'  restricted  thv*  wearing  of  cont.Kt  lenses  in  environ- 

Civen  the  fact  that  some  workers  will  not  always  ments  prone  to  chemical  fumes  and  vapors,  chemical 

wear  their  eye  protection,  unpnitectvxi  workers  who  spbshes.dasi.intenn*  heat,  or  molten  metals'’  How- 
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ever,  recent  studies  of  rigid  and  soft  contact  lenses  ported  that  those  who  wore  respiratory  protective 
suggest  that  contact  lenses  act  as  a  barrier,  keeping  equipment  were  at  greater  risk  of  personal  injury  due 
chemical  vaporsaw^  from  the  cornea  and  therefore  to  lost,  bent,  scratched,  or  hogged  glasses  than  they 
minimizing  injury.  However,  persistent  exposure  werewhenthey  woretheircontactlenses.  Inl985,The 
to  chemical  vapors  may  have  just  the  opposite  eff^  Lawrence  Livermore  National  Laboratory  conducted 
the  vapws  could  be  trapped  or  absorbed,  leading  to  a  a  survey  of  9,100  firefighters  in  the  United  States  attd 
toxic  exposure  of  the  cornea  and  conjunctiva.  Gmada;ofthel,f405questionnairesthatweretetunted, 

Some  workers  ivillmsist  (Ml  wearing  ftieir  contact  403  firefighters  reported  that  they  wore  contact  lenses 
lenses  in  eye-hazardous  areas.  Therefore,  safety  mart-  wift  respiratory  protcctiveequipmentdespiteBwiregu- 
ageisand  supervisors  should  lation  prohibiting  it  Only  sbe  ftrefighteis  reported 

contact  lens-related  problems  so  severe  that  they 

•  require  the  use  of  industrial  safety  glasses  or  iKededtorEmovetheirmasks.’^lnMaith1967,OKiA 

goggles  in  crmjunctkm  with  contact  lenses,  atmounced  that  it  would  amend  the  contact  lens  pro- 

•  ensurethatallworkersalwayshaveaqMrepair  hibitionaikl  allow  voluntary  use  of  contact  lertses.’* 

of  eyeglasses  (M- safety  glasses  readily  availaUe,  While  the  civilian  sector  is  moving  toward  limited 

•  pro^e  wcM'kers  with  a  dean  area  for  remov-  useofcontactlenseswithre^Mratoryprotectiveequip- 

ing  their  lertses,  and  ment  the  army  is  stiQ  ccMtcented  that  sweat  will  run 

•  irstructidlow  wenkers  in  emeigetKy  contact-  into  soldiers' eyes,  causing  excessive  burning  and 

lensrenKwaltedmiques.  stingit^  of  the  corrtea.  This  could  cause  the  soldier  to 

unthinUngly  urunask  in  a  (diemically  contaminated 

Using  contact  lenses  vrith  cxMiunerdal  respiratory  environment  Currendy,  theam^  prohOnts  wearing 
protective  equipmsU  and  military  protective  masks  contact  lenses  during  gas-dvunber  exercises,  fidd- 
has  also  been  controversiaL  In  May  1971,  NlOSi  and  training  exercises,  and  combat’*  It  is  ardidpatect 
OSHA  issued  a  regulatkm  that  prohibited  the  use  of  however,  diat  army  hdkopter  pilots  will  be  allowed 
contact  lertses  iivith  protective  re^mtoty  equipment  to  recpiest  a  tvaiver  to  diis  regulation  because  some 
in  a  contaminated  atmosphere.’*  Similarly,  the  army  aviation  (such  as  dte  'Tleads  Up*  diq>]ay 

prohibited  the  use  of  contact  lenses  with  protective  devicesanddteM43protectiveinask}prohibittheuse 
masks.  However,  a  1965  study  (rf  13  ftrefighters  re-  of  spectacles. 


ENVIRONMENTAL  VISION 


EnurroRffienfalutsimpertamstoiunurklustTialcort-  ever,  with  the  passage  of  time^lugher  wages,  and  an 
ditions  such  as  ilIumirutkMt,VDrs,  and  UV  radiation  ever-irtcreasirtg  variety  of  lamps  being  developed,  it 

from  sunlight  that  nay  have  a  detrimental  effect  (Mr  has  becortte  more  cost  eff^ve  to  improve  wrnker 

visual  efficietKy,  ocular  health,  or  bode  lOumiration  productivity  by  improving  both  the  quantity  and  the 

and  VDTproUemsoften  require  that  the  surrounding  (juality  of  iOuiTiiration  in  the  workpl^ 

environment  be  nwdified  to  improve  workers' visual  Dhnniration  surveys  ate  usuaify  performed  by  the 

efficiency  and  productivity.  Iro^kquateorinsufBcient  mstallation  industrial  l^gienist  When  an  iOumiia- 

UIuminationcansignificandyreduceprDductivityartd  ticmsurveybperfonned,direeiinpo(tant£actorsshouId 
simultaneously  increase  the  munber  of  work-related  beevaIuated:thequantityofil}tuniiution,the({uaIity 

injuries.  ofiHutrurution,artd viswdoornfbrt  Alldueefoctors 

are  irttenelated  and  should  oomplentent  (Mteanodier. 

SIwMinattrKt 

Quemtity  of  Light 

IIhrminationisan>niportanteIementofvisionc(Mt- 

servation  that  is  often  overlooked.  Industrial  lighting  The  arnount  of  light  erriitted  by  a  light  source  that 

should  provide  a  safe  wrNking  environment  and  im-  falls  on  a  surface  or  work  station  (die  (juantHy  of 
prove  visual  efficiency,  safety,  and  comfort  Fifty  iIlumiration)shouldmatdithevisualdeinrmd$ofthe 
yearsago,whenwagcswerer^tivriyiow and  Incan-  task.DetaOedworkfsucdiasreadiiiginadiinist'scali* 
descent  lamps  were  inefficient  it  was  dicaper  to  hire  pets)iequiresinoreilhjininationd»ngrosslasks(such 
additional  workers  to  compensate  for  the  inefficient  as  driving  a  forklift).  The  IQuininatit^  Engineeriiig 
work  practices  associated  with  poor  bghdrig.  How-  So(iety  (^  and  iiuu^  lighdng-equipiiient  coinpa- 


m 
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nies  publish  tables  of  tninimum  recoimnemled  ilhii^ 
nation  by  job  categories  (TaUe  8-7).  However,  mini* 
mum  lecnnmended  levds  of  illumination  should  not 
be  confused  with  the  illumination  lew^  diat  aQow  for 
maxhnum  worker  productivity.  For  example,  tiie 
antount  of  light  diat  is  needed  for  maximum  visual 
efficiency  variesmditheenqdoyee'sage;  an  em|doyee 
who  is  near  letiianentageo^  requires  several  tinMs 
ttwie  Olurrunation  than  a  younger  worker  needs  to  see 
die  same  work. 

TheiUi{fflhMn(e,orIumiiiousirtteR3ttyseenasviS‘ 
iUe  light  strildnga  surface  of  an  object,  is  measured as 
die  amdda  (canlle),  a  unit  based  on  himinoiis  flux,  die 
fHffim,  per  unit  area  of  surface.  Asourceofl^htofl 
C3Uidelaproduces4steradiaiis  Or)  huriens  of  luminous 
flux  in  aQ  directions  (E^ure  8-3(D. 

The  intensity  of  ittimnination  is  expressed  as  die 
ratio  of  die  ilhanination  source  and  the  radiated  sur- 
faoearea,andismeasuredinanitsofhaQumens/m^, 
anddteijuantityofl^itaparameterdiattndudesdie 
duration  of  li^  msMired  in  seconds  or  hours.  In 
practice,  die  luminous  inienrity  from  a  source  of  light 
is  measured  in  three  different  standard  units: 

•  Ihimen/cm^ 

•  I  htmen/m^  (1  hix,  the  modem  metric  term} 

•  1  himen/f^(l  foot-candle  Ift<  die  nearly  ob¬ 
solete  term  that  is  stillused  in  theUruted  States, 
especially  in  die  Uniting  industry)) 


TABLES'? 

MINIMUM  RECOMMENDED  LEVELS  OF 
ILLUMINATION 


Task 

msMiiiatioaffiN:) 

Exanqilcs 

Casual 

30 

Waidiouses 

Kou^ 

50 

Reading  large 
markings 

Medium 

100 

Sewing,  woodworidiig 

line 

soo 

Electronks 

Ada0td»»Sli|wini<iricwfrtw>GeaeMlEltdricBiriclithliiigcwi- 
ridwtMnnt,  licliitorrieL^tey.awfhwAOttG&l^t. 


The  early  photometric  Standard  of  light  was  adtt' 
ally  a  candle  (made  of  sperm  wax),  hoice  die  term 
stondtnf  omdle.  Later,  dK  National  Bureau  of  Stan¬ 
dards  retired  die  candle  for  carbon  filament  lartqis  and 
in  1948,a  new  raniflestandaid  was  adopted.  Ttenew 
caridfo  s  based  on  die  radiation  of  %ht  emitdng  from 
a  blackbody  of  platinum  when  the  temperatur.*  is 
raised  to  the  mel^  point  of  die  nobleme^2jOI7*K. 
At  thatteiiiperature;fiOOA10  newcaridles/rr^of  huni' 
nous  inteo^  is  ernitted  (equivalent  to  60  candles/ 
cni*). 


f-SS.  The  concept  of  Sktininatian  and  ita  units  of  rewascBdiienl,  left  The  amount  of  {Duednation  faffing  on  a  1  n? 
spherical  saiiaoe,  hxaled  1  m  from  a  light  source  diat  is  emitting  1  emdda  (1257  hancnA  of  ouqmt,  is  defined  as  1  bur  (1 
hnnen/nft.The  concept  of  hantnance,ri^whidi  is  defined  as  die  amount  ofHtfittitosinineddiioo^  or  reflected  bya 
surface.  LuminanceissidijeclivdyeslM*btigh*ness.*Asutf>ce  that  Is  iHuminaiedwitiilOOhaandhaMtefiecUnceof  60% 
win  measure  60 lamberls  of  him^iice.MearuTfTnenti  cfigminance portray  tniel^tfiiig conditions  moieaccoratdyflum 
do  mensuremenls  cf  flhiminttion-  Keprinled  with  permistion  from  General  ElKtric.  Ugk  Mmurmait  «wf  CmtnL 
aevciand,Oh:  (X;  1971.  Publication  TP'llSw 
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The  historical  confusion  between  the  ‘brightness" 
of  light  as  measured  as  intensity  per  unit  area  and 
"bri^tness"  as  judged  subjectively  through  the  hu* 
nun  e3re  led  to  the  use  of  the  term  fum/noncr,  expressed 
as  candles  per  tn^.  Thestandardunitof  nriatnes/arcfni/ 
sensifrri/yof  theeye  (equal  to  light  of  an  intensity  of  1.0 
new  candle,  which  equals  1.0  rc  of  light  source)  is 
equivalent  to  685  lumens/ W  of  lumittousefftciettcy  at 
thewavdengthSSSrun.  In  the  visible  part  of  the  EM 
spectrum,  the  spectral  sensitivity  of  the  hurtumeyecan 
Iw  plotted  as  a  bdhshaped  curve.  At555rur.,jqwctral 
intensity  is  1.0.  ^rectralserrsitivity  decreases  f^m  1.0 
in  spec^  intensity  as  %vave1en^  decreases  to  ap- 
pioxinutely  .190  tun  (at  400  run,  spectral  intensity 
equals  0.0()04),  and  spectral  sertsitivity  also  decreases 
firm  1 T)  in  intensity  as  wavdength  ittcreases  from  555 
run,  to  approxinutely  760  run  (at  760  tun,  ^xctial 
intensity  equals  Oj00006).  The  tvavriength  of  light  to 
which  the  human  eye  is  nrost^rectrallysensitiveisSS 
run,  in  the  green  part  of  the  visible  spectrum. 

nhururution  is  categorized  as  either  general  Slumi- 
naUm  (the  ambient  light,  which  illumirutes  a  broad 
area)or5Mpp(ntK7>6iff(^/igWmg(Iightingdut  is  added 
to  increase  the  visibility  of  certain  tasks).  Manyindus- 
tries  use  fluorescent,  mercury,  metal  halide,  or  high- 
pressure  sodium  lamps  to  achieve  30  to  50  ft*c  of 
general  iUumirution.  While  30  to  50  ft<  of  illumina¬ 
tion  nuy  be  sufficient  as  general  iUumirution,  this 
amount  truy  not  be  sufficient  to  produce  maximum 
tvorker  productivity;  supplemental  task  lighting  rruy 
need  to  be  added  abmr  spedfk  work  ^tiorrs.  For 
example,  many  nudrine  shops  have  a  genera!  ilhtmi- 
rution  level  of  50  ftc  to  increase  pr^uctivity  and 
reduce  the  risk  of  cm-the-job  aoddents,  supi^er^tal 
Ughting  will  need  to  be  added  over  each  madime  to 
provide  at  least  100  ft-c  of  illumination  at  each  work 
statkm.  Irtcreasing  the  general  iDumirution  levd  to 
100  ft-c  is  rxrt  recommended  becaitse  it  is  usually  rtwre 
expensive  than  supplemental  task  lighting,  and  the 
resulting  itrerease  ingkrrrfexoessivdy  bright  light  that 
causes  visualdiscoaii^)  mightrwgativelyaffiMover- 
aU  productivity. 

Urdbeturutriy,  nwst  Uf^ting  surveys  stop  at  rrtea- 
suiingthenum^offbotoatKilesemittedlyflrelight- 
ing  source,  which  may  lead  to  erremeous  condusi^ 
as  to  the  adequacy  of  iUumiiutioa  In  terms  of  visual 
coinfbftandjobpeTformarKe,ii)easureinentsofhtrru- 
narKe(the  amount  oflight  emitted  or  reflected  froma 
work  surface  toward  an  observer  or  worker)  are  per¬ 
haps  more  accurate  (and  mote  important)  than  mea- 
surements  of  iUumination.  In  the  simplest  terms, 
luminance  (which  is  measured  in  fooflamberts  or  lam- 
berts)  is  the  produd  of  iUuirunation  (in  fbotcandles) 
and  the  hutUtrous  reflectarKe  of  the  surface.  Tasks 


involving  dark-colored  (such  as  gray)  objects  may 
require  as  much  as  10-fold  mote  illumination  than 
tasks  involving  lighter-ccJored  (such  as  ydlow)  ob¬ 
jects  toaduevethesamedegreeoflumirrarKe  or  bright¬ 
ness.  Unfbrturutely,  a  standard  light  meter  does  rtot 
measure lumiirance.  However,by holding theiireter2 
to  4  in  from  the  surface  to  be  meanired,  it  can  be  used 
to  approximate  the  measurement  of  luminance. 

0*M/ify  ofIlltmiK*tio» 

Properlighting(ie,thepioperdistribuflonandcon- 
tnd  of  lighting)  allows  the  worker  to  focus  on  the  task 
at  harrd,  rather  than  causing  bis  or  her  eyes  to  stray 
(which,  in  turn,  increases  ocular  fatigue  and  reduces 
workefficieiKy).  Unlike  the  quantity  of  Qlumiiratkm 
(which  IS  trreasuied  without  regard  to  the  hunran 
observer),  the  quality  of  iUumirution  deals  with  the 
degree  of  brightness  (ie,  a  person's  impression  of  the 
relative  intensity  of  Ught).  To  improve  task  perfor- 


TABLES^ 

RECOMMENDED  MAXIMUM  BRIGHTNESS 
RATIOS 


EnviiMUMiilal 

flmlflfiUnn 


A 

• 

C 

1.  Between  tasks  and  adjucmf 
daWIrr  suxTDUcdings 

3-1 

3-1 

5-1 

2.  Between  tasks  and  adjoernf 
fifgbrrr  surroundings 

1-3 

1-3 

1-5 

3.  Between  tasks  and  more 
retitole  darker  staficei 

lO-l 

20-1 

• 

4.  Between  tasks  and  more 
remote  Uf^iier  surfaces 

1-10 

1-20 

* 

5.  Between  hnninaircs  (or 
windows,  skyl%hts,  etc) 
and  surfaces  adjafent 
to  them 

20-1 

• 

6.  Anywhere  within  normal 
field  of  view 

40-1 

♦ 

8H^itnc99  nHo  control  net  pwriMt 

A<-  tnttrfcnaitwwtww  rtflicaixwol  entire  ipace  caw  bcconttoDfd 
In  line  with  TOCotnmcndjtions  lor  oytnnutnjcfiitgcotxlaioro 
ft  Aran  whew  loficctMiots  of  fawnnhile  woA  won  cmi  be  oon- 
ttoOed,  but  coabol  of  ranole  MCToiindingi  It  imied 
C  ArwOndooc  and  outdoor)  wlwff  it  It  oowyletflyiBipractolto 
cooliol  iHkcttnocf  Mid  daficuli  to  alUf  cnvinrancnltf  oondiliona 
HcpvinMd  wShpcfinlitlonlnfnCcMcalEltclsIoBpafeliihftV^^^ruid- 
ctnliora  be  MAoOmI  CkvtiMMl  Oft 

•nMOB. 
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tnance  and  productivity,  recommended  miitimum 
brightness  ratios,  also  adled  lunuiurKe  ratios,  have 
beenestabIishedfbruseinindustry(Table84).  Bright- 
rtess  ratios  can  be  controlled  by  the  proper  selection 
and  location  of  lamps;  painting  or  d^nittg  reflective 
surtiKXS  (walls,  ceilings,  equipment,  or  floors);  and 
supfriemental  task  lighting. 

Direct  and  indirect  lifting  tedmiques  are  used 
throughout  mdustry  to  improve  the  quality  of  illuQti- 
ttation.  Diiecf  fighting  (light  that  hJls  directly  on  the 
task)  is  the  most  efficient  type  of  ilhunirution;  how¬ 
ever,  it  tends  to  produce  diadows  and  glare.  Iridirtct 
limiting  (lighting  that  is  reflected  off  adjacent  cdlings 
or  waOs)  is  more  comfortable  to  work  under  than 
direct  lighting  because  it  f»oduces  significantly  less 
glare.  Unfbrtimatdy,ixKlhect  lidding  is  less  efficient 
(and  therefore  more  expensive)  than  direct  because 
irtdirect  lighting  is  refleded  off  ad jaoent  ceilings  and 


walls,  more  initial  ilhimiiution  is  required  to  achieve 
the  same  illumination  as  direct  lighti^. 

Color  contributes  to  the  quality  of  jUumlrution  as 
wdl  Object  coibr  is  defined  as  the  of  light  re¬ 
flected  or  transmitted  by  an  object  when  it  is  Rumi¬ 
nated  by  a  stondenf  tight  sourcse  (startdard  source  A  (a 
tungstenfilainentlampoperatedataco)orteiiq)era- 
tuie  of  2356°K),  or  stamlard  source  B  (an  approxima¬ 
tion  of  sunlight  at  noon,  having  a  coirdated  cdor 
temperature  of  approximately  4,S74°K],  or  standard 
sourceC  [anapproximation  of  daylight  provided  bya 
combination  direct  sunlight  and  dear  sky,  having  a 
correlated  color  temperature  of  approxinuitely 
6,774**K1).  ColbrrmtinRg  is  a  term  ap{4M  to  lighting 
sources;  an  object  win  rnuirr  difinent  colors  depend¬ 
ing  on  the  qsecbumcofttposition  of  the  lightii^  source 
(Hgure8-3i).  Poorcolorreitdeni^l^aninumination 
source  can  distort  color  perception,  irtcrease  ocular 


Flf.  i-3I.  Identical  color  boards  photographed  in  tivree 
sources  of  Ramination:  (a)  daylight,  (b)  metcniy  vapor 
la»q>s,and(c)l^t-presn]re  sodium  (HP5)  lamps.  Mcfony 
vap»  lamps  mimic  the  color-rendering  properties  of  day- 
Sght,  but  die  nesrly  monoduomatic  (5W  HF5  lam^ 
gres^  distort  color  perception. 
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fatigue^and reduce worlcerproductivity.  Fhiorescent 
lights,  the  lamps  used  most  commonly  in  workplaces 
(due  to  their  cost  efficiency),  emit  a  br^  spectnim  of 
light,  giving  them  cobr-iendering  properties  second 
only  to  sunlight  Incartdescent  lamps  have  excel¬ 
lent  ot^-r^ering  properties  but  are  less  efficient 
ajui  produce  more  heat  than  fluorescent  lamps.  Mer¬ 
cury  vapor  and  metal  halide  lamps,  (rften  used  in 
gyrrmashuns and  large  itKlustrial  bays,  ate  even  more 
efficient,  but  cause  a  mild  distortion  of  color  percep¬ 
tion.  High-pressure  sodiuttt-vapor  (HF5)  latnps  are 
used  in  wardiouses  and  many  irtdustrial  rtumufachu*- 
ingbays.  Theyproduoeagdklenwhite,bToad-^>ec- 
trumlight  with  its  riuudttnimiriterrsttyceTitered around 
589  run.  Low-pressure  sodhim-vapor  lamps,  which 
arc  the  most  efficient  lamps  made,  are  ttsed  to  illumi¬ 
nate  highways  and  parking  lots.  The  golden  orange 
light  pt^iK^  is  almost  rruxiodurotnatk;  (consisting 
of  a  douUe  nvavdength  at  509  and  589.6  run)  and 
significantly  distocts  color  perception.  As  a  general 
rule,  lamps  with  good  efficiettcy  tend  to  haro  poor 

oolor-rendering  properties,  and  vice  versa  (Table  0^). 

Atvorker'svisualefficiencyattdaNrifortaretnaxi- 
mized  when  glare  fmn  iOumilttation  sources  or  work 
surfaces  or  ate  minimized.  Direct  ^are  comes 
from  unoonlrdled  light  sources  (light  sources  without 
reflectorsordiffusors).  Inordertoteducetfieuncoirr- 
fortaUe  and  sometittres  disabling  effects  that  are  asso¬ 
ciated  with  direct  glare,  ]ightit\gsoutces  (such  as  lamps 
or  wittdows)  should  be  restricted  by  the  use  of  appro¬ 
priate  refiectofs,  diffusots,  blinds,  or  louvers.  For 
examine,  light  emitted  from  a  bare  li^t  bulb  is  more 
harsh  arid  unoomfcntable  than  light  emitted  from  a 
lamp  equipped  with  a  shade  itcflected  gkre  comes 
horn  hi^ily  polished  surfaces  (sudi  as  desk  tops,  VDT 
screens,  or  glos^  P>P")  dai  can  cause  sigtdficant 
visual  discomfort  Reflected  glare  b  controlled  by 
moving  the  kxation  of  Are  1^  source  or  by  changing 
the  an^  of  the  work  platte  so  Aiat  Are  light  does  not 
reflect  into  Are  worker's  eyes. 

tthitiiitmtioH  DiJeMmets 

hr  reyonsetoAie  world  on  erbb,  congress  passed 
Ate  Enc^  Goitservation  Act  fat  1973  to  reduce  Ate 
federal  govemmertt't  use  of  energy  and  energy-re¬ 
lated  produeb  such  as  iiatural  gas  arid  oO.  Theptovi* 
sions  of  thb  act  aitk4I,Cbde  of  Federal  Regulation, 
Section  101-20.107,  Energy  Cwueroufipir)  mmitle  that 
maximum  illuminatkm  levds  of  work-station  sur- 


TABLE8-9 


LAMP  EFFICIENCIES 


LtnpfaulreType 

laoncM  per  Walt 

Incandescent  bu&H 

17-23 

Fhiofcscent  tubes 

70-80 

Mercury  vapor  bmps 

44-S 

Muhivapar  lamps 

80-90 

High-pressure  sodium  lan^ 

115 

Low-pressure  sodium  lanq>s 

170 

Sources:  (1)  Cencnl  Electiic. /iktiitrrMi  Qtvetand,  Oh; 

CE;  1969,  PubTT-10».  Q)  Gcnm)  EtKtric.tJxUAtMifementmd 
Ceatrol.  Oevclnid,  Ok  CE;  19n,  Fub  TP-lIk  O)  Kautean  IE. 
Qiriftciitca  JF.  tES  llmihet  New  York  IHuiinaHng 
EngbiMring  Society;  1972. 


foces  be  no  greater  than  50  ft-c  of  general  work  areas, 
no  greater  than  30  ft-c  and  of  nonwoik  areas  sudi  as 
halb,nogreaterthan10ft-c  Thepurposesofreducing 
.levdsofiOuminationweretwof^torcduoedectri- 
cal  costs  (which  reduced  the  use  of  gas  and  oA)  and  to 
reduce  air-conditfoning  costs  (to  ofbet  the  additfonal 
heat  associated  with  increased  fighting). 

To  maxirtiize  ilhmdriation  and  minimize  dectrkal 
costs,  many  installations  spentmilUons  of  dollars  con¬ 
verting  indficierttincandeKent  and  fluorescent  lamps 
to  highimeffkiencyHPS  lamps.  Mostoftheseconver- 
dons  were  in  po^*  lit  areas  such  as  warehouses. 
Because  warehouse  lighting  was  successfully  im¬ 
proved,  sinular  oonverrions  were  made  in  industrial 
areas  such  as  machine  shops,  and  even  in  adminbtra- 
Aveoffices.  During  routine  USAEHA  site  visits,  the 
staff  received  complaints  from  workers  as  a  miA  of 
Ateseoonversions.  Workerscooqihinednotonlyabout 
the  unnatural  gtAden-coange  color  butaboabouttheir 
irufoifity  to  dbcriininate  oolots  properly  in  Alb  fight 
For  exaimpfo,  rust  on  metal  psrb,  vdiidi  b  to  see 

under  fluorescent  %hAt9  or  surdigbt,  cannot  be  seen 
under  HF5  lamps.  Dq^Ame  shift  workers  had  no 
cooqilainb  about  Are  fi^At^  (because  Aie  HPS  lin¬ 
ing  was  suppiemented  wiAisunfig^dmwgh  the 
d^),  but  the  evenirig  and  lAgfit  shifts  oooifAaiiied 
inoesBandy  dxmt  Aie  U^iAng. 

OAier  problems  associated  wiAi  HPS  lattqrs  are 
excessive  ^are  and  headaches.  Because  HF5  bmaps 
are  so  efficient  and  cost  effectives  some  installations 
have  removed  Aie  supplemental  task  fighting  ftom 
rnachine  shops  and  haw  installed  inore  HFS  laix^ 
than  are  usually  necessary.  Thb  has  resulted  in  ma- 
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dune  shops  having  75  ft<  to  100  ft-c  of  general  iOtuni- 
nation.  While  this  meets  the  minimum  lES-iecom- 
mended  levels  of  iOumiiution  for  certain  operations, 
theglare  from  so  many  HFS  lamps  can  be  tremendous; 
many  workers  wear  hats  indoors  to  reduce  the  glare 
and  its  consequent  headaches. 

To  reduce  worker  comfdaints  associated  with  HFS 
lighting  and  to  improve  productivity,  the  USAEHA 
h^  nude  several  recomswndatifflis: 

•  No  further  conversions  to  HPS  lamps  should 
be  made  until  the  impact  on  workers  has  been 
assessed  at  the  installation. 

•  HFSlanqrsshouldnotbeutilizedinadininistra- 
tive  offic^  e^xdaHy  in  buSdings  where  sun¬ 
light  cannot  supjtenent  the  atribieiit  Bghtii^ 

•  General  iOumbutionlevds  should  be  reduced 
to  50  ft-c  (or  slightly  less),  but  supf^emental 
task  lighting,  whkh  may  have  been  removed, 
should  be  restored. 

•  Irrstallations  should  mix  mercury-vapor  or 
multivapor  lamps  widi  HPS  lamps  to  adiieve 
a  tnore  rutural  plectrum  of  Slurnirution. 

Personal  Cornputers  and  Video  Di^layTefniiub 

In  the  worlq>laoe,typewTitetshavebeen  supplanted 
by  PCs  artd  VUTs,  not  only  in  tiiis  country  ^t  also 
throughout  mudi  of  tiie  world,  in  1975,  tiwre  were 
fewer  than 200,000 VDTs  in  use  in  tire  Uitited  States;  10 
years  later,  after  PCs  were  introduced,  thb  mtmW 
had  grown  to  approximatdy  13  million  units— with 
100  million  projected  by  the  year  2000.*°  Concurrent 
with  this  j^ienomenal  growth  in  VDT  use  came  an 
increase  in  the  dtnical  signs  and  medkal  symptoms  of 
work-rdated  healtit  prcMems. 

ProblesHswitk  Vtsiom 

Approxhrutely  50%  to  75%  of  computer  workers 
experieiKe  some  form  of  visual  dbcomfbrt  indudiiig 
fatigue,  headaches,  eyestrain,  bumit^  eyes,  Uuiring 
of  the  inonitor  scicea  intermiticnt  double  vision,  dis¬ 
tance  bhtnii^  after  using  a  PC,  nedudw,  and  back' 
adw.*"^  This  discomfort  is  most  often  attributed  to 
visual  problems  of  tire  worker,  tire  surxourtding  envi¬ 
ronment,  or  a  combination  of  both.  >^sual  problems 
can  stem  horn  («}  unconected  refoactive  errors,  0) 
accotninodativeprob)ansorpresbyoitia,(c)binocolar 
coordination  problems,  (lO  glare,  (e)  contour  sharp- 
iwS8,a3Ml0the  flicker  effectfvdtich  may  cause  fatigue, 
migraine  headadies,  and  other  nonvisual  phy^ 
prdrlemsmoettainflkker^ensitive  people).*^  In  ad¬ 


dition,  a  dirty  screen  makes  the  information  that  is 
displayed  more  difficult  to  read,  so  screens  should  be 
deaned  daily. 

The  most  common  refractive  condition  associated 
with  computer-related  visual  symptoms  is  latent  or 
lowhjfperopia  (farsightedness).  Hyperopicindividuals 
are  usually  aUe  to  compensate  few  the  small  degree  of 
hyperopia  by  accomntmlating  (or  focusing)  during 
sh^-term  they  usually  do  not  require  omec- 
tivespectades  until  later  in  liSfe  With  the  use  of  PC^, 
however,  hyperopic  individuals  accommodate  more 
extenuvdy  and  eventually  devdop  visual  symptoms. 
Most  of  thi^  individuals  can  be  hdped  wt0  l^plus 
(up  to -i-12S  diopters)  lenses  or  bifocals. 

Atyopia  (near^htedness)  does  not  usualty  produce 
visual  symptoms  in  PC  users.  However,  transient 
myofria  (whidt  is  actually  accommodative  ^Msm)  in 
otherwiseenunetropicindividualscanoccurwitiipto- 
k»^eduseof  PCs.  ^therthan  wearing  fotr-imniislup 
to-050  diopters)  lenses,  these  individudsmay  benefit 
from  visual  training  that  is  directed  at  relie^g  the 
accommodative  qxism;  in  addition,  diey  should  wear 
dtiierlow-pluslaisesorbifocalstordi^eacooinmo- 
dative  stress  while  working  at  their  computers. 

Astigmatism  (a  focusing  anomaly  thatoeexosatboth 
distance  and  nearpoint  viewing)  can  adversdy  affect 
PC  workers.  Individuakwithmoderatetolaigede- 
grees  of  astigmatism  usually  wear  glasses  full  time  to 
correct  the  astigmatic  error.  Some  individuals  with 
smaD  errors,  however,  funetkm  adequatdy  without 
glasses  until  thty  are  confronted  by  a  visuaUy  intense 
task,  such  as  looking  at  a  computer  screen  for  several 
hours.  These  indr^uals  ne^  to  be  referred  for  a 
visual  examination. 

Other  vision-related  problems  indude  accommo¬ 
dative  problems  and  presbyopia.  PCj  typically  re¬ 
quire  an  individual  to  accennmodate  fx  both  the 
nearpoint  (1 4-1 8  in)  and  iiUennediate  (1 8-24  in)  work¬ 
ing  disiaitces.  Someyoui^  individuals  havedysfunc- 
tk^  accommodation  tystems  and  devdop  signifi¬ 
cant  problems  when  working  at  a  computer  for 
proloi^ed  periods.  Everyone  becomes  presbyopic 
%vith  age  (an  indhriduaTs  amjditude  of  accommoda¬ 
tion  gradually  diminishes).  Atapproximatdy40years 
of  age,  prescription  leadh^  glasses  or  bihxals  are 
usui^  required  foranyextenstvereadingorneaipoint 
task.  Individuals  with  acoowinodative  proMemt  or 
presbyopia  require  a  cemf^ete  tyt  examination  to 
assess  ttieteaccoinmodativefimctiofts.  Typically,tiiese 
individuals  will  require  either  toiv-phis  lenses  or  bifo- 
caIs(tocompensate  for  die  ladcof  accommodation);  in 
some  cases,  visual  training  (to  improve  die  amplitude 
of  accommodation)  can  be  h^jfiiL 
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Because  working  with  PCs  involves  both  nearpoint  with  acconuiwdative  probleots  and  presbyopia,  these 

and  intermediate  distatKes,  distance-spedfk  spec*  mdividuals  also  require  a  thorough  eye  examination, 

tades  should  be  prescribed:  reading  glasses,  with  In  most  esophoric  patients,  low-plus  lenses  should 

suffident  depth  of  focus  toetKompassbothdistarKes;  besuffidienttordievethesymptoms.  Inothers,aswdl 

or  Ufocals,  the  upper  section  of  which  is  used  for  the  asinpatient5withexophoiia,visualtFainingisiisualIy 

intermediate  distance  and  the  lower  section  for  the  required  toimprovethecyes'abilitiestoconvergeand 
standard  reading  distance.  Conventional  trifocals  diverge.  However,  optometrists  and  ophthalmolo- 
should  be  avoided;  they  tend  to  induce  nedc-  and  gists  should  avoid  procribing  glasses  with  prism  (to 
badcaches  due  to  improper  positioning  of  the  head  compensate  for  exophoria  or  esophoria);  patients  will 

(Pigure8'32}.  ^redal  trifocals  with  an  intermediate  acceptprisminitially,butwillinvariablyrequirelarger 
vertical-segmentheightofl0tol4nun(ratherthanthe  corrections  of  prism  over  time, 

usual  7  mm)  are  available  and  may  be  prescribed  in  Glare  causes  consideraMe  problems  for  PC  users, 
certain  cases.  Reflectedglareffromovedteadlightsornearbywm- 

Some  computer  workers  win  have  probletrts  with  dows)  makes  the  images  on  the  screen  difficult  to  see 

theirbinocularvisioiLlnmanymstaiKe$,visualsymp‘  atKlcauseseyestrain(Hgure8-33).  Curtainsorfelinds 
toms  stem  from  esophork  (ovenxmvergence  of  the  canhetpcontidtheglarehomwindows.  Antiteflection 
eyes)oreniphar>ii(utiderconvagenceordivergenoeof  screerrscansignificantlyreducetheannqyingeffectsof 
the  eyes)  at  the  intermediate  or  rtearpoint  working  glare  by  reducing  reflections, 

distances.  Many  mdivtduals  with  esophoria  or  Badcgrouitdorcontrastg]areisanevenQM>resig' 
exofrftoria  do  rtot  complain  ofvisual  discomfort  until  nificant  problem  at  most  PC  work  stations.  If  the 

they  are  required  to  perform  rtearpoint  tasks,  such  as  general  lighting  is  overly  bright  or  if  the  screen  is 

usmg  a  rc,  for  extended  periods.  Like  iitdividuals  located infrontofeitherawirtdoworawhitewalLthe 


Hg.  S-n.  Workers  who  wear  conventional  bifocab  or  trifocals  usually  have  friv  visual  proMems  when  doby  routiiw  desk 
w^  but  they  often  have  problems  when  usingavkko  display  terminal  This  office  worker  is  trying  to  usealttxal  segment 
that  is  loo  w^  for  readi^  the  monitor;  at  the  end  of  an  day,  she  win  undoubtedly  have  tied;  and  back  strain.  To 

remedy  this  situation,  this  worker  shook!  have  ocaqmtm-speeific  bifocals— with  the  intermediate  prescription  (for  an  18- 
24-in.  riewingdistanoe)in  the  upper  portion  of  thelens  and  thestronger  reading  piescription{forl4~1Sdn.readingdistance) 
in  the  fewer  segment 
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Fig,  fr-33.  Computer  work  stations  should  be  positioned  formaximum  productixity-  This  xxwker  might  be  distracted  b>’  glare 
from  the  xxindow.  Windoxx's  should  be  equipped  wnth  curtains,  miniblinds,  or  brth,  to  reduce  direct  glare.  If  this  cannot  be 
accomplished,  the  workstation  should  be  mox'ed  so  the  source  of  glare  is  behind  the  worker. 


iris  will  decrease  the  size  of  the  pupil.  This  limits  the 
amount  of  light  that  can  reach  the  retina.  Theimageon 
the  screen  will  appear  less  bright,  which  can  lead  to 
eyestrain  and  headaches  in  operators  xvho  must  xiew 
thescreenforsex’eral  hours.  ■Riesolutionistodecrease 
the  ambient  lighting  to  improve  the  brightness  ratio 
between  the  background  and  the  screen;  however,  if 
operators  must  work  from  hard  copy,  they  should 
illuminate  it  with  a  spot  lamp. 

Contcnir  sharpness  is  yet  another  problem  for  com* 
puterusers.  The  sharpness  of  the  images  displayed  on 
the  monitor  depends  on  the  matrix  (the  number  of 
horizontal  and  vertical  dots  per  inch  of  screen).  Older 
color  graphics  array  (CGA)  monitors  (also  knoxvn  as 
red,  green,  blue  IRGB)  monitors)  are  being  replaced 
with  new- generation  enhanced  graphics  array  (EGA), 
xrideo  graphics  array  (VGA),  and  even  higher-resolu¬ 
tion  monitors,  which,  because  they  hax'c  higher  reso¬ 
lution,  cause  less  eyestrain  than  ilw  older  niodels. 

The  McCollough  Effect  (an  afterimage  that  causes 
white  letters  and  obiccts  to  appear  pink)  is  a  startling 
visual  phenomenon.  It  occurs  in  computer  workers 
who  spend  long  periods  before  a  monochrome  screen 
that  displays  green  characters  against  a  dark  back¬ 
ground.  The  theoretical  explanation  for  this  unusual 


phenomenon  is  that  the  green-stimulated  retinal  re¬ 
ceptors  become  fatigued  due  to  the  constant  stimula¬ 
tion;  consequently,  when  the  computer  operator  looks 
away  from  the  screen,  white  objects  are  devoid  of 
green,  making  them  appear  pink.  Discovered  in  19^, 
the  McCollough  Effect  is  seemingly  harmless  and 
relatively  short  lasting. 

Radiation-Relateil  Health  Effects 

A  number  of  studies  have  associated  cataract  for¬ 
mation  with  PC  use.  In  1983, 10  anecdotal  cases  of 
cataracts  were  reported  in  VDT  users;  six  of  the  pa¬ 
tients  had  minor  opaaties  that  did  not  impair  their 
vision,  while  four  others  had  a  history  of  exposure  to 
other  cataractogeirs.  Many  experts,  however,  dis¬ 
count  the  risk  of  cataracts.  Testimony  beforea  United 
Stales  House  of  Representatives  subcommittee  sug¬ 
gests  that  25^  of  the  population  of  the  United  States 
has  opacities  of  the  lens  without  impaired  vision, 
while  approximately  4^  of  the  population  35  to  45 
years  of  age  has  agc-rolatcd  cataracts.  In  addition, 
radiation-induced  cataractogcncsis  is  thought  to  re¬ 
quire  exposures  10,000-fold  greater  than  that  expected 
from  a  rc.**’ 
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*-34.  Transmitbmces  of  different  optical  materiab  used  to  sunu£acture  ^wctad«  lenses.  Source:  Pitts  DC.  Ultraviolet 
protection,  when  aitd  why?  Prob  in  OjHom.  1990;2(1):9S>115. 


Soltf  Ultnviolct  Ksdialkm 

Although  exposure  to  sr^r  UV  radiation  is  iK>t 
considered  to  be  an  industrial  ha2ard,  it  can  be  an 
occupational  hazard.  Manyoutdoorwori(ets,indud- 
ing  soldiers,  can  sustain  excessive  exposure  and  may 
beat  risk  for  simbum  or  premature  cataract  formation. 
Photokeratitisdue  to  sunlightdoes  not  normally  occur 
imlessexposurekvdsareuimsuallyexcessive.  Levds 
of  solar  UV  radiation  overexposure  are  difficult  to 
estiinateduetoa  number  of  varubies  tndudingfe)  the 
time  of  day,  (h)  the  angie  of  the  sun,  (c)  the  latitude  and 
altitudeat  tvhich  the  person  is  working,  (d)  the  degree 
of  dovd  cover,  and  (r)  changes  in  the  surrounding 
rcflectingsuifaces.  Forexami^,  more  than 60%  ofUV 
radiationexposureoocuisbetween  lOOOand  1400  hours, 
when  the  sun  is  h^hest  in  the  sky.  Furthermore,  UV 
exposure  increases  by  15%  for  eadi  kilometer  of  alti* 
tu^(approximatdy5%foreach1XXX)feet).Qoud$do 
notattenuateUVra^tion;thatis«dtysuitburmoocur 
even  on  overcast  days.  Green  grass  reflects  only  3%  to 
5%  of  ambient  UV  radiatkin,idiik  hesh  and  salt  water 


reflect  3%  to  8%,  dry  sand  reflects  15%  to  18%,  and 
fresh  snow  reflects  85%  to  95%.  When  all  these  factors 
are  considered,  sitow  skiing  (due  to  the  altitude  ami 
the  reflectivity  of  snowlis  the  most  UV-intensiveenvi» 
ronment,  followed  by  sunbathing  at  the  beach.^ 
Glasses  vrith  a  filtering  tint  provide  the  best  piotec* 
tion  against  low  levels  ^  solar  UV  radiation.  How¬ 
ever,  it  is  dar^eious  to  assume  that  all  tin  ted  glasses  or 
sunglasses  provide  adequate  orequal  Altering  protec¬ 
tion.  Data  on  lens  matoiak  reveal  that  legi^  glass 
leitses  attenuate  approximatdy  95%  of  UV  radiation 
(the  amount  varies  with  the  wavdength),  fdlowcd  by 
potycarbonate  and  then  CR-39  (Figure  i>34).  Maini- 
facturers  of  CR-39  and  polycaibonate  lenses  add  UV 
inhibitors  to  prevent  the  virgin  CR-39  poiyiner  from 
ydlowing  as  the  lens  absorbs  UV  radiation  over  time. 
Whilea  dear  CR-39  ofdtthalmic  lens  protects  a  wearer 
against  km-levelUV<:aiidUV-Bndiation,itdoesnot 
provideacceptaUe  protection  against  UV-Andiatkm. 
Maximum  protection  against  solar  UV  radiation  oc¬ 
curs  vdien  CR-39  lenses  are  coated  widi  an  additioial 
UV-absofbing  dye  called  UV-400.* 
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SUMMARY 


Soldiers  require  good,  if  not  excellent,  vision  to  be 
able  to  spot  their  ertemies  quiddy  and  to  fight  to  the 
best  of  their  abilities.  To  this  end,  armies  have  sought 
eye  protection:  a  sddier  who  has  been  blinded  is  both 
usel^  to  the  battlefidd  commander  attd  at  risk  of 
beingldlled.  The  U5.  Army's  interest  in  OMeting  the 
ever-increasing  threats  to  vision  and  ocular  h«ddt  has 
expanded  through  the  post-W(Mld  War  n  inception  of 
the  Occupational  Vision  Program  to  the  currertt  Vision 
Conservation  Program. 

TheVisionCbrservationPtugramisaritistallation- 
based,  dynamic  program  comprising  three  dements: 
occupational  vision,  eye  safety,  and  enviromnental 
viskm.  The  goal  of  the  occupational  vision  dement  is 
to  provide  inililary  personttd  and  DoD  civilian  work¬ 
ers  with  the  best  vision  possibte  for  them  to  worir.and 
recreate  safdy,  productivdy,  efficiently,  and  comfort¬ 
ably.  Eyesaf^isdirectodtowarddhpirtatti^iniuries 
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througli  training,  administrative  and  engiiieering  con¬ 
trols,  and  hy  pfxwidtng  individuals  with  appropriate 
PPL  Theenvin>nmentalvisiondementev:^uatesand 
provides  solutions  for  environmental  problems  sudi 
as  illumination  and  radiation  (ionizing  and  ncmioniz- 
ing),  which  may  negatively  influence  the  woricei^s 
vinial  efficiency  and  health. 

Perhaps  the  greatest  challenge  to  the  army  and  ils 
Vision  Conservation  Program,  after  trying  to  fidd 
acceptable,  standard-issue,  eye-appropriate  PPE, 
is  wearing  compliance— both  on  the  job  and  off 
duty.  Individualswhodortotwearpresciiptioneye- 
glasses  are  often  uncomfortable  wearing  a  device  tliat 
does  rwt  obviously  affect  their  performatKe.  How¬ 
ever,  dw  use  of  eye  protection  can  be  expected  to 
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andliaining. 
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Chapter  9 

MILITARY  ENERGETIC  MATERIALS: 
EXPLOSIVES  AND  PROPELLANTS 


DONALDT.  BODEAU.  MD^KLPJT 
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INTRODUCTION 

The  Unittd  State*  military  b  a  major  producer  and  in  producHon  during  wartime  has  tended  to  result  in 
consumerofexplosives  and  propdlants.  Although  we  far  higher  exposures,  with  corresponding  mote  nu» 
have  recognized  the  toxic  eifi^  of  some  of  these  meTDUsandmoiesevefeadvefseetieds,duuitiiefew 
compounds  for  many  years,  trust  of  the  data  on  their  mild  adverse  reactions  tiut  occur  duri:^  peacetime 
effectsonhumanhealthwerepubUshedduringWorld  production.’** 

WarlandWorIdWarn,andmanyvoidsremainbiour  Furthermore,tireevolvir^tegulatotyenvitonment 

IcnowledgeoftheirhumanatwIecdo^caltoxicity.The  surrourkb  these  artd  other  industrial  eqiofures  to 
datahaseontheeffecbonhealthfeqxdallyhurnarOb  hazardous  substances.  For  exam]^  the  Occupation' 
uneven  and  we  must  renuin  alert  for  newly  dbcov-  al  Safety  artd  Health  Administration  (05HA)  has  tc- 
eredordescribedetivcb,espedaliy  those  that  concern  vised  the  air-contaminartt  icgtilations  for  over  400 
carcinogenic  atrd  reproductive  effects.  The  lack  of  chemicals,  induding  iiitrDgjl3weim.  Whedier  these 
adequate  data  on  exposure  in  human  occupational  newstandaidscanbeenfoicedbstillttndeddect'soine 
epidemhdogy  studies,  and  the  lade  of  route'^qredfic  questions  have  been  raised  regarding  tdwther  tiie 
toxidfydatafe^redallyinhalationanddennalabsorp-  proposed  standaixls  are  feas5>le  from  an  engineering 
tion)  in  animal  studies,  precludes  our  making  dose-  perqrective. 

reqxinseestiiiutesformostexplosives.Therefore,itb  Thfadiapter  focuses  exclusively  on  militaiycaqpio- 

ourierqxmsibUitytoerrontheshleofsafetyinataking  sives  artd  propdlaitb,  artd  b  stnacturrd  aooofding  to 
judgmeiUsabout  human  exposures  to  thesediemkab,  the  chetni^  family  ot  the  corrquunds:  (e)  aliphatic 
andwemustindudedataonstructurallysitnilardtemi'  nitrate  esters,  (b)  nitroaromatics,  (c)  nilramines,  (d) 
cab  in  our  overall  assessment  of  the  ptobabk  health  irtitiatir^expiosives,(r)coaqx)8itepropei]ante,aiid0 
hazards  of  the  explosives.  liquid  fmopeOants.  Most  imtrutions,  however,  are 

Theproductionofmostoftheseeiqytosivespaiallds  mixtures  of  chemicals.  Medical  professionab  new  to 
the  aiititary  activity  of  the  United  ^t«s.  Peacetime  propdlanband  explosives  will  need  tobreakthrou^ 
pr^uctionb  usually  sufficient  only  for  research  and  the  engineering  and  technical  jargon  and  iromcnda* 
training  rteeds.  Dining  wartime,  the  manufacture  of  ture  to  identify  qpedfic  chesrical  exposures  before 
these  compounds  increases;  die  workforce  increases  they  can  deal  with  them.  Occupational  health  person* 
(therdyincieasiiigthemiinberofinexperierKedwock*  nd  need  to  eiqiect,  in  addition  to  exposures  among 
ers  who  are  unfamiliar  widi  these  compounds),  and  plant  workers,  ^wtadk  exposures  among  ammuni' 
physicians  who  are  inexperienced  witii  the  unique  tkmquality-as8unmceqpeciaIbts,expbsiveofdiianoe- 
hazaidsposcdbylhesechanicabaresucldenlychai]^  disposal  qiiecialbts,  and  personnel  who  test  or  use 
wtdithecareofex|4osivesworkers.TheFapidincrease  exj^osives  in  enclosed  spaces. 

HISTORY 

The  Chinese  are  general^  credited  with  inventing  Because  of  their  reaefy  natural  availability,  inor* 
explosives— in  tiie  form  of  fireworks— before  AO  1000.  ganic  nitrate-based  explosives  were  tiw  first  to  gain 
Bt^ppwderwasnotintroducedtodutvestemworkl  importance.  (Today,  the  most  important  inorganic 
until  approximately  1225.  Roger  Bacon,  an  Ei\glbh  nitrate  explosive  bammonhim  nitrate;  which  bused 
monk,oonductedanddescribedsomeofthefirst$den-  in  demolition  and  constiuctioit)  Inorganic  nitrates 
tifieexperimenb  with  tiib  explosive  mbcUire  of  sahpe-  formed  the  bass  of  Hack  powder,  which  was  die 
ter,chaicoatand  sulfur  in  1249.  The  age  of  guiqxrw'  predominantexplosiveitsedindieUnitedStatesbe' 
derbeganneariyshmiltaneously  in  Eur^and  China  fore  190a*  lb  last  major  mOitaiy  use  was  dwh^  die 
withtheinventionorcannarsa^inthe14dicentuiy,  Spanbh-Amerkan  War  of  189B.  Black  powder  ban 
but  until  1800,  the  devefopment  of  explcsives  was  easily  produced  physical  mbeture  of  sulfur,  charcoal, 
Bmited  mainly  to  improvemenb  in  the  manufacture  and  potassium  nttnte,but  it  b  not  wdl  suited  formost 
anciappUcatimofUadcpowder.  Modem  explosive  modem  militaiy  uses:  it  produces  excessive  smoke 
leduiology  was  devdoped  during  die  19di  century  andfiashfwhfchcouidalertdieenemytotheiioeition 
with  increased  research  and  devdopment  of  propd*  oftheguiOandhasadangeroustendencytocakeaiid 
lants,  high  explodves,  and  wreapons  technology.*  mbfire.  However,  it  b  stiD  used  in  primers,  safety 
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fuzes,  fUres,  grenades,  practice  munitions,  blanks,  that  the  manufacture  of  explosive  nuteiials  posed.  In 
fireworks,  signals,  and  ^jedalized  quarry  work.  1875,theypassedtheExpfosn«Si4c(afteranindustriaI 

Duringthecpenii^yearsofthe2fMcentuty,fiister,  explosion  killed  S3  peoj^.*  This  law  estaUished  "in- 
dieaper,  and  higher-votume  methods  for  producing  spectors  of  explosives,”  who  were  authorized  to  in- 
exjrfosives  were  de\‘doped.  Numerous  compounds 

were  synthesized  and  used  as  detorrators,  booster^  tionswefeaccom{dishedsafi^. 
and  flash  suppressors;  dynamite  almost  ompletdy  Attihebegfauur^ofWorld  Warl,TNTwasgener- 
supi4antedfalr^powderincommerdaiuse,andtiini*  allybdievedtobenontoxicinallitsstagesofpnxluc- 
tri^uene  (TNT)  became  the  most  cottunonfy  used  tion,  but  fids  bdief  changed.  During  the  course  of  the 

militaiyexplosiv&  war,  the  major  powers  used  approxtmatcly  5  billion 

WtththMvariousdevdopnretrts,attentionfocused  paundsofh^expIosives,pntnarilyTNT,resultingtn 
on  organic  nitrate  e^qrlosives.  The  aIi{fiMtic  nitrates  an  estimated  10  nuDion  batdefidd  casualties.*  In  the 
were  fire  first  group  to  adueve  importance  because  Uruted  States,  at  least  17AX)  cases  of  TNT  pmsonir^ 
cdhilose,  glyceroL  sugars,  and  coad-tar  derivatives  occmreddunr^  the  war,  resulting  in  mote  than  475 
were  readily  availaUe  for  use  as  raw  nuterials.  Later,  deaths.^  Efibrts  to  redixe  fire  burden  of  disease 
ascost-effedivebttlksyttthesisofammooiaarHlfonn*  ir)dudedjobrotation,nredicalexaminations,atKlwotk- 
alddiyde  became  po»ibte,  fire  aromatic  nitrates  be-  {daceventilationatrdhy9eite.Theseeffottswefeonly 
came  inqxxtant  militarily.  The  most  reoeid  group  to  rrtarginally  efiecthre  Successful  control  of  worker 
addevepromineitoebfiienitramirtes.  exposure  was  finally  achieved  through  the  automa- 

Throu^ioutfiieearlyyearsofWorldWarlLthelow  tion  of  mary  operations  dttring  shell  loading,  ar>d  the 

production  capacity  for  most  esqrlosives  arid  propd-  application  of  strict  standards  of  wotk|fiaoelygiene.* 

lantsplagued^UnitedState3,atrdnutrteioaschat^  The  World  War  I  experience  demonstrated  that 
in  filemanufacturing  processes  wererrrade  inattempts  anunimition-loadingplanlswereamongtheroostdan- 

toincreaseproduction.  Adaptationtofiieshortagesof  geioasindastnaloperations,diietofiieopenhandling 
raw  materijjs,  in  addition  to  file  imique  requirements  ^dusty  and  fuming  compounds.  Degituunginl938, 

ofeachtypeofweaporvledtofiieincreasingcomplec-  the  Ordnance  Department  and  fiieUtfited  States  Pirb- 

tty  of  munitions  design.  This  adaptive  solution  to  Ik  Health  Service  coordinated  an  intensive  effort  to 
inadequateresourceswasmostprevalentinfiieseardi  forge  an  integrated  healfii  and  hygiene  program  in 
for  rodket  propdlants.  For  example^  the  addition  of  onlnance  {4a^  to  reduce  this  brmden  of  death  and 
nitroguanidine  to  lutroorthrlose- arid  nitrogiyoerin'  disability  ^  the  worioas.’ This  effort  was 
based  propdlants  vras  found  to  bofii  increase  produc¬ 
tion  capability  and  meet  file  unique  and  exarting  re- 
quircrrients  newly  devdoped  weapons  systems. 

Additional  weapons  research  after  World  War  n 
has  fuifiier  expand  file  uses  of  these  compounds. 

The  plethora  of  explosives  and  propdlantscurrentty  Cbnsequenfiy,fiiesuooessesof,  and  lessons  learned 

inuseandunderdevdopmenthKresultedfromcoii'  from,  file  effort  led  to  the  establishment  of  file  field  of 
tinuedreseardi  into  die  properties,  cost,  safety,  stabil-  occiq)ationalniedicineinfiieanny,whereitinonitors 
ity,  and  predictable  perfoiinance  of  explosives.  thehealthofoverlOOAlOcivilianeini^oyeesatdepols, 

The  British  were  the  first  to  re^wnd  to  file  threat  arsenals,  and  ammunition  plants. 

ENEXGEnC  MATERIALS 

An  enetgttk  material  b  a  compound  that  can  un-  nab)  evolve  large  amounb  of  heat  but  modi  less  gas 
dergo  rapid,  self-sustaining,  exofiiermic,  reduction-  fiianexplosivescirpropdkAts.EiiergetkmatetiabnfUty 
oxidation  leactioiis.  Energetk  materiab  may  be  cat-  abobegroupedacoordingtofiieirtateofreactioaBodi 
egoriadaoca»dinglofiieirinleiideduses;(»)explosives,  propdlaribandpyioteclnticsateconskieredtobeiiNP 
(b)propdlants,mid(c)pyroteduiics.  Explortvesand  expbsmes,  arid  the  vdodty  at  whidi  file  combustion 
pK^tedamb  evolve  lar;^  volumes  of  hrt  gas  when  prooeedstfitoughfiiesematetiabbusually400m/sec 
burned;  fii^dlfler  primarily  in  tfieir  rates  of  reactioiv,  or  slower  figure  9-1).  InconqiarbCKvk^expfasaKS 
Pjfrottdmks  (ie,  a  powder  or  ammunition  used  for  are  drtonefaf,  a  process  in  vrtddi  file  very  rapid  rate  of 
ignitingarocketorpiodudnganexplosiofufiietermb  file  combustion  reaction  itsdfproducesashodc  wave; 
abou^  in  the  milttaryfo  designate  flares  and  sig-  capable  of  shatterii^  objects,  in  fiiesarroundingine- 


fiie  first  large-scale  demonstration  of  vdiat  can  be 
accomplished  in  a  large  industry  offering  many  seri¬ 
ous  health  hazanb^  a  v%CTOus  medical  and  engi- 
nccring  program.^' 


307 


CkaiixUnvul  Health  The  St'IJier  ami  the  hiilu'lrial  K/v 


Rr-  Appnjxiirutc  dctinutiim  rates  of  o>ninion  mititary  and  industrial  explosives.  Infinite  vanatums  on  these  ratesare 
possible  bv’  mi  Xing  and  b>'  usinj;  odditix-es.  Both  explosnvand  propt'lbnt  formubtions  have  taken  od  vantage  of  these  high 
ddonatwin  rates  Adapti-d  with  permission  from  Meidl  |ll  Toxie  Ha:iir,hfu<  MalenaK  NW  York.  Macmilbn 

I’ublishing:l'l7lb24 


dium.  ThoshiKk  wave  rmmng  through  the  explosive 
material  causes  further  explosive  decomposition  of 
that  material,  and  the  aMction  rate  is  determined  by 
the  speed  of  the  shiKk  wave.  The  range  of  veUicities  of 
the  shtKk  wave  is  1,000  to  9,01X1  m/sec.  In  addition  to 
K'ing  used as  explosivechatgi's,  many  highexpkisives 
aa'alsoused  inpropelLintformubtion.s.  Forpurpt»ses 
tif  thlsdiscussion,  the  termn/>f«W!Y  is  uhi!  gemerically 
to  indicate  any  energetic  material. 

Explosives 

Mtxlcm  explosive  devices  employ  an  tram 

that  takes  <id  vantage  of  the  specific  explosive  pnrper- 
ties  of  its  aimponents:  the  initiator,  the  detonator,  the 
Kxrster  charge,  and  the  main  charge  (Rgum  9-2).  The 
initiator,  or  prinwry  explosive,  amsists  of  a  small 
quantity  of  material  that  is  very  seasitive  to  heat, 
spark,  impact,  or  friction.  Primary  explosives  may 
intensify  the  energy  up  to  10  million  times  that  of  the 
initiating  stimulus,  ^xrnwtric  arrangement  of  the 
explosive  devia*  directs  either  t  he  fbme  tir  the  detona¬ 
tion  waveoftheinitbtortoward  the  detonator  charge. 
The  detonator,  a  larger  amount  of  less  seasitix'e  ^t 
more  pnverfu!  i*xpIosi\x»  m.Herial,  then  detonates  ei- 


Iherthebtxrsterchargeorthemaincharge.Thebtaoster 
charge  is  an  opional  a>mp)nent  that  hirther  magni¬ 
fies  the  explosive  impulse.  The  main  explosive  (or 
bursting)  charge  amtains  the  largest  amount  of  an 
iasen.sitive,  but  pnverful,  explosive.  Explosives  used 
oslxxrster  and  main  charges  are  usually  not  capableof 
being  initia  tixJ  by  impact,  friction,  or  the  brief  applica- 
tiiHi  of  heat,  and  are  known  as  seamdary  explosives. 
&>me  common  primary’  and  secondary  explosives  are 
listed  in  Exhitnt  9-1. 

The  seamdary  explosives  used  currently  in  most 
military  explosivedexiccsare  physical  mixtures  of  one 
or  nxw  high  explosives  with  various  additives  (Rg- 
uie  9-3).  (The  use  of  mixtures,  rather  than  single 
compmixls,  pnwidcs  for  greater  flexibility  in  explo¬ 
sive  design,  and  additives  extend  the  range  of  perfor- 
maiHTe  even  further  ITable  9-1)).  Mrff-Wmif,  com- 
nxrnly  UM.’d  with  TNT  mixtures,  is  a  process  in  which 
amoltenexplosivemixtureisintioduccdintoancmpfy 
shell  ca.singaTKi  allowed  tocooland  harden.  Secondary 
expkrsive  mixtures  are  used  to  foalitate  the  melt- 
huding  pnvess  to  optimize  (a)  the  oxygen  balance  of 
theexplosix’e,(f')explosivecharacteristics.such  as  blast 
and  fragmenlation,and  (^engineering  criteria  such  as 
malleability  and  strength. 


EXHIBITM 

COMMON  FRIMAXY  AND  SECONDARY  EXPLOSIVES 
MiMiyEiqptetm  Stetmitrftxfktirn 

Lekdatide  Diizodinitrophenol  Aliphatic  nitnie  esters  Tcnuuymktncs 

Metony  fulminate  Potaariumdinitrobengifaroxane  Nitiainines  QuatcmaiyinixtuKs 

Lcadstyphnate  Lead  moaowitroresoednate  Nitroaronatics  Flastkshondedexpioiives 

Tctracene  Ftimarycompositiofts  Binaiyinixtufes  IndustrUc^iloiivts 
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AhMiinun)  Amnoniuni 

nox  TNT  HMX  Powlw  MkaM 


nUA.  NMNTCn  UVpWIMfK U^NOPlWI  MflnlOnMn  lOTBiC  IW1,|I1U||  UOv*  wwUPT DOnWUvMI 

IIMa.  nP^HiiPWIQ  KJCpiOPVV  nc.  tllQn  DipiOinFV 


Ht.»OwE)q)k>iim  family  twfcMortetplorim  in  inlltoyB<eaTetwaedo«>RDX.TOT,oc  hath,  in  coaibbMrtkmiyMiolhtr 
eqaloiiyec.  The  oooqMtianal  health  pmctitiooer  zweds  (o  know  the  common  namm  of  the  explorim  being  OMd  at  Ae 
in»tafUtton  tobe  abtg  to  Moertjun  the  appropriate  medical  lurreilknce  examinations.  Adapted  fi^  US  AnnyEnvirocmen- 
tal  }^rgiene  Agency.  Hkter  MbcticM  i^^ect*  (^£zpfcB(K  Alcin/kehtrmf.  Aberdeen  Rrovii^  Gnamd,  MiL  IISAEHA;  1965: 4. 
USAEHA  Tedudcal  Guide  4. 


ExpkasivesandexirfosivenXtuateddevkesareused 
widely  in  botfiindu^  and  die  mOitaiy.  Eaqakaaives 
are  used  in  construction,  mining,  qiianyii^  demoli¬ 
tion,  metal  fofining,  weldtftg,  and  daddii^  Explo- 
sive^actuated  devices  are  used  to  drive  tuihi^  move 
pistons,  operate  rocicet  varies  start  aircraft  engines, 
eject  pQots,  and  to  provide  heat  Between  1960  and 
1975,  domestic  industrial  expkshre  consumption  in¬ 
creased  from  500  mOBon  metric  tons  to  over  1 .4  bOiion 
rrietiic  tons.  Durit^  dtis  time^  the  use  shifted  ftom 
Made  powder,  liquid  oxygen,  and  dynamite  to  safer 
amriioniamiutrato-faasedctqtlosives.  Today,ovetl00 
million  blasting  caps  are  us^  annually  in  die  United 
States.*  Aftho^die^iecificmilitatyusesofexpio- 
sives  are  almost  too  numerous  to  count,  they  ind^ 
die  production  of  ftagments,  air  blasts,  and  underwa¬ 
ter  shocks;  die  penetration  of  armor;  demolitian:  die 
ejection  ofpersonnd  ftom  aircraft;  arid  components  of 
nuclear  wmpons. 

Fropdlaiiis 

nopeOaritsareeiqikwiveriialeiiabfbnnulatedarid 
engineered  to  react  at  carefully  controOed  rates,  pro- 
dudngasustained  pressure  eftectoveralonger  period 
ofdmedianhi^eqilosives.  Incontrasttottedetona- 
tion  of  hi^eiqftosives,  the  process  of  propdfant  burn¬ 
ing  isrefaredtoas(fc^gnrfww,vdieitin  the  rateof  heat 
transfer  determines  die  rate  of  the  reaction,  which 
proceeds  at  subsonic  speeds. 


Like  explosive,  propeUants  utilize  a  series  of  mate¬ 
rials  in  an  ignition  train  07gure9^).  Andectrkalor 
mechanical  impulse  impinges  on  the  sensitive  primer 
mateiiaL  Thisignitestheigniter,apyiotechnkvwfaidi 
in  turn  ignites  ^  main  propeDant  grain. 

Piopdlaritsinaybeibvmiilatedeidierassolkisoras 
tiquids.  Sdidpropdlantsareusedmorefrequendyin 
gi^,  caniions,  arid  smaller  rockets,  adiOr  iiqiiid  pro- 
pdlants  are  used  in  h^i-perfotmance  missile  systems 
and  other  sdectedappUeftions^ 


TABLE  9-1 

TVnCAL  EXPLOSIVE  ADDITIVES 


AiAHw 

Nmw, 

•rOimrUM 

Aluninum 

^miiowdar 

*  - -  *  *  .  aa  * 

mCawW  OTVChwCa 

OtplhclMlpt 

Qottf 

Cooortto 

te(pMcnitikM 

boiitoi 

W«K 

DcMMifeiM  to 

CoMiporittoiA 

SicaricAckI 

Numsqkmi  odicff 

MuwniiniioiBMf  f  ftwf  p^ftfkfaHT  CcMifMMiiicciC 

- »  -  S  —  - 

MKVOWNllOlv 

IVilyiKibmyfane  FiMtkiacr  CnayrwiWoaCHt 
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a 


I 

ImpMut 


Primar  BooaitrOalonationWavas 


Pihnar  iQnItof  PtopdinlPoMKiar 

1%.  M.  Compariiow  of  oytotiv*  train  with  %nitk«  train.  Although  rignifkant  m^lflmSng  differnKW  edrt  brtwecn 
eqtloaive  tn^  (i)  and  ignition  traim  (b),  in  concept  dicy  are  very  timilar.  In  bodi,  a  mall  dcctrkal  or  medianical 
athmilatingiinpetiii  is  magBifiedyiaasBOOoalonoIintgintdiatechar^  (oachieve  optteum  initiation  erf  the  Buincbaige 
or  propellant  grain.  The  iM)or  difierenoe  between  tbe  two  types  of  dtaim  {» in  tite  oonqponcnt  daige**  tales  of  reactioa 
Adiytirf  from  US  Depaitment  erf  the  Army.  MtltftpyErptott^  Washington,  DO  PA;  life.  Technical  Manual  9»1300-214. 
Septisnber  1984  widi  change  1  of  30  November  85. 


SoBdpropdUntsinaybedassifiedbyflaeirchemi- 
calcooqxisttion.  Each  has  unique  properties  that 

tender  it  useful  in  certain  apfrficati^  ADsoUdpto- 
pcOants  may  contain  additim  similar  to  those  us^  in 
explosive  mixtuies.  The  additives  can  be  more  toxic 
rtian  Ae  princ^  oooqxments  of  the  propdlant  and 
must  be  considefed  in  oocupationaHiazaid  analysis. 
Regardless  of  the  composilion  dass,  dte  duef  advan* 
tages  of  solid  propdlj^  indode  dteir  compactness, 
safety,  ease  of  storage^  tolenmoe  of  temperature  ex* 
tiemA  and  case  of  handling,  ht  oompnisotv  hqnid 
propdlant  ^sterns  permit  greater  thrust  cootrol  and 
ddimhi^iv^KciSc  impulses.  Liqtdd  propdlanb 
have  been  Bmiled  to  use  in  hi^t-petformance  missile 


systems  until  recently,  when  rescardi  has  focused  on 
using  ikmid  gun  pn^dlants  for  howitieis.  Several 
candidate  Uqi^  gun  propdlants  will  be  discussed 
later  in  this  chapter. 

^rotrchiilri 

l^rotedmic  materials  axe  tdalhody  slow4)undng, 
nooeqdodve  powders  such  as  me^,  aOoys,  and 
hydrocaifaoo  mixturis.  The  only  f^iotedmic  com¬ 
pounds  disotssed  in  dtis  chapter  are  those  used  in 
initiating  conqKisitions  and  propdlants.  However, 
pyrotechnics  are  abo  wkldy  usrf  in  the  militaiy  as 
flmes,  s^nalsr  idays,  delays,  and  fuzes. 


EXPOSURE 


Amimmitionplanls^opetatedbytt«eU5.Annyfor  have  operated  most  of  these  ammunition  plants  under 

die  Department  of  Defnae  Q>oO),  ate  the  primary  government  cootracts  since  the  late  1940a. 

sites  of  oocupatioiial  exposure  to  odhUtymqplosivcs.  In  addition  to  those  at  ammunition  plants,  signifi- 

The  types  of  ammunition  plants  inchideC«)propcQant-  cant  actions  occur  at  odier  types  of  miEtatyfaeffities: 

and  exj^oaive-manufaclufing  plants^  (h)  metd-parts  munitions  ate  manufactured  On  limited  quantities), 
planls,(c)sma!!-annsplants,aMtf)shdIIoading,as-  tesled,anda(ofedatarsmab;lcsledatproRitygroNii^ 
scmbly,  and  packing  (LAP)  plants.  Private  companies  and  mainlained,  stored,  and  demilitarized  at  depots. 
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Unique  operations,  with  potentially  hazardous  expo-  of  most  loading  operations.  Gnnparativ^iewem- 

sures,aredoneateachtypeof£adIity.  Woriceisatthese  ployeesareexposedtoexplosivesatsinall-annsidants, 
hidlities  may  perform  duties  that  can  potentially  ex-  arsenals,  or  depots.  Because  ammunition  is  pnvf-/imf 

pose  them  not  only  to  toxic  hazards  but  also  to  other  Biere(ie;abatdiofe9q)iosiveis%nitedto''pioverthatit 

hazards  of  whidi  occupational  medidne  physicians  works  and  to  assess  its  particular  perfonnance  dianc- 

must  always  be  cognizant  teristics),  small  numbers  of  emfdqyees  at  proving 

Even  though  propellant  and  explosives  manufac-  grounds  may  be  exposed  to  many  and  varied  exi*>- 
turingi^tsproducealimitednumberofspedalized  shres  and  combustion  products.  Workers  at  all  diese 
products,  thrir  workers  can  still  be  exposed  to /enf-  facilities,  equally  flMtaf-piirfspkmts,  can  be  exposed 

s/od,  process  chemioils,  arid  die  finish^  explosives  to  comcKMiindusteial  chemicals  sudt  as  carbon  mon- 

(Figure9-5).  Feedstock  is  a  generic  term  for  the  raw  oxide,  lead,  nitrogen  oxides,  solvents,  paints,  and  cut- 

materials  that  are  used  in  chemical  manufacturing.  It  tingoils-^MetatpartsplantsmanufactuKthehaniwaie 

canindudedieinicalssudiastolueneandtutricacidtn  in  rdndi  foe  explosives  an  loaded  and  used,  such  as 
thes)mthestsofTNT,andrawcdIuIosesuchascotton  rocket  tubes,  shidl  casings,  bomb  casings,  and  bigger 
or  paper  pulp  fiv  the  synthesis  of  nitrocdlulose.  Pn>-  3»seinbties.Gittingoils(usuaIlymineraloiDamusedto 

cess  dtemicals  indude  all  others  in  addition  to  the  hibricateandooolfoesawsandinachiningtooisfoatare 
feedstock  used  in  the  synfoesis  (eg,  salts  or  adds  may  used  to  shape  foe  metal  parts.  Durit^  foe  past  decade, 

be  used  in  separations.)  Exposures  am  usually  con-  cutting  oils  have  been  found  to  be  contaminated  with 

troUed  at  the  manufacturing  plants  by  endosii^  foe  rutrosamines,  a  dass  of  potent  carcinogens.  Machin- 

proc»sstre*ms,wfoidianflom(literalorfi^urattve)of  istsexposedtotheseoUsviathedermalandinhala- 
the  partially  processed  feedstock  through  foe  addi-  tional  routes  may  be  at  high  risk  for  cancer, 

tkmal  dieniical  processes  and  reactions  necessary  to 
complete  the  ^‘ftfoesis.  ExpoaareCoatnds 

LAP  plants  present  the  greatest  exposun  potential 

foremployees,  due  to  their  use  of  a  wide  variety  of  Several  types  of  woflq>lace  standards  have  been 
explosive  compounds  and  the  labor-intensive  luture  estabIishedtoregulateemployeeexposute.US.Army 


fig.M.Siiiq))ificd  (kiw  ftemuriitkm  inaimfacttning  procesMs.  Adapted  from  US  Army  Enviromnental  Hy^ene  Agency. 
Mirier  MfehoH  (fEzplantv  Mamijhrfurmg.  Aberdeen  Proving  Ground.  Md:  USAEHA;  19^  5.  USAEHA  Tefonkal 

Guide  140. 
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policy  fi^ows  the  most  stringent  limit  dabotated 
OSHA,  the  permissible  exposure  limit  (PEL);  or  thie 
AmericanQmierenceofGovenunentalliKlustrialHy- 
giei^{ACGIH),theThreshnM  Limit  ValueCILV).  In 
Edition,  because  dennal  absorption  is  a  significant 
route  of  exposure  for  many  explosives,  Q5HA  has 
given  a  skin  designation  to  those  chemicals,  to  aid  in 
theiridentification.  TheTefore,sktnexposure  todiemi- 
cals  with  significant  dermal  absorption  should  be  re* 
duced  to  a  minimunL  However,  where  published 
limits  from  OSHA  and  the  ACX^H*  are  eidrer  un¬ 
available  or  inadequate  to  nwet  army  rcquhemetUs, 
the  US.  Army  Medical  Department  establishes  army- 
uitiqueexposurelhnits.  Table9-2showsdwpublished 
limits  fOT  the  more  common  explosive  materials. 


General  Safety  Practices 

Safety  is  of  paramount  importance  when  personnel 
hartcUe  explosives  arxl  propellants.  The  accidental 
detonation  or  deflagntion  of  these  materials  poses 
serious  hazards  to  emidoyees,  other  people  naaby, 
and  property,  including  Mast  overpressure,  ftagmeit- 
tatkn,  and  burns.  Creating  a  safe  workplace  around 
exfdosives  denumds  that  the  cardinal  principles  of 
safety  be  followed: 

•  Separate  eadi  haiuiling  (qKraUon  to  prevent 
fire,  blasts,  or  fiagmentation. 

•  Use  the  minimtun  number  of  personndl  for 
each  operatkm. 


TABLE  9-2 
EXPOSURE  UhflTS 


ChcaricalNaaw 

CASKcgWxyNa 

SkinDcsigiiatloB 

TWA  (ah) 

STELdSmia) 

NHroglyoerin' 

5S«») 

-f 

— 

P.l  mg/m? 

NitroceOulose' 

90M-7l>t) 

- 

ISmg/ai^ 

5mg/ai^ 

— 

PETN* 

79-11-5 

+ 

— 

0.1  mg/m? 

PGDN' 

6423-t34 

- 

— 

INT* 

118-96-7 

♦ 

0511^/m^ 

— 

DNTCLMJNn' 

(2M)ND' 

121-14-2 

606-2(V2 

♦ 

Umg/m* 

— 

Ammonium  Ficrate* 

131-74-8 

+ 

Oil  mg/m^ 

03  mg/m* 

FicrtcAdd' 

8889-1 

Oil  mg/m? 

— 

RDX' 

121-82-4 

+ 

15  mg/ai? 

— 

HMX' 

2691-418 

15  mg/nP 

— 

Nitroguaiudine’ 

S6-88-7 

- 

4  mg/m** 

Tetijd' 

479-4S8 

+ 

15ing/iir* 

— 

Lewi  Azide' 

13424-468 

- 

50|ig/m*l 

— 

LeadStyphnate' 

63918878 

- 

50j»g/m« 

_ 

Mercury  Fnlmiiiale' 

62886-4 

+ 

0.1  mg/m* 
(as  mercury) 

*OSHA,29CFR19l0.tOO(fcHjSAni<yEiiviK«ii>«it>lHygtCTcAgei>cy.M<i<>(ri/ii)brwrtio>iA<aAiif<f>fcfC>cot|M<ioiirfHiarirtMtiMjtiiifirt 
h(br»W«wWm.AbttdepiPrortp^(>MndM<hC)HMB,USAEHA;im\>iVoMal>*d(lM«.AbtnVCTlVov»tigCrft^^ 
^KopinblediNl:  fMcMured  «*  lead 

CARCbanlQd  AbetractSodety;  STEUaiiorl-aBm  a»posurehwil.defii>td  a»a  IS-winuiaexpcaure  level;  TWA:  the  8-hom  time -weighted 
avetaftaxpoiunilwl;  m>X:»g««aedidepaftinem«jrpl(>ri««vhwatiydro-l,3,54rf»>HTo-133-triarti»c  HMXzM^iweitin^wploatvfvocta- 
Ii)rdn>>1,3,57-lrtntiilit>-13,57'*tclrazodtie 
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1%  9^  This  photograph  marie  at  Nm  Rim  OidnaiKc  11am.  DobUiv  Vbginia,  cm  30  Sep(ena)er  m 

theinamikliiieofpowdCTbapbtoUydieBu(erialond«etabte.inarkforlhesizeofthebi^anddienaittvidtandectik 
]afiL<&Numbertaie  then  printed  on  thedothtodesignate  the  dwgethatbtobe  put  into  theh^lhepicccsof  doth  aiT^ien 
sewn  togedter  to  make  the  bag.  The  last  step,  shown  here,  b  to  wdgh  the  charge  of  smokdeM  powder,  fin  the  beg,  and  then 
seal  tt.Thenuirt«fsonOiebagsfre  my  la^toprevent  any  error.NotetheadmWstrativesaky  control  measuitsinplace 
in  thb  prr-Wodd  V/ar  n  army  public  rdathms  photograph:  die  number  of  persoimd  allowed  in  die  area  (8  operators,  2 
transknb)  and  the  Hmib  on  the  amount  of  exploiim  allowed  to  be  used  in  the  operation  (140  tb  of  smokeless  powder,  25 
cjqiloslw  daiges  to  the  chute).  Photograph;  Courtesy  of  the  US  Anny  Bureau  of  Public  Relations. 
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•  Stodqrileonlytheminimumainoimt  of  explo¬ 
sive  or  hazardous  material  necessary  for  effi¬ 
cient  operation. 


of  these  are  saf^  standards,  whidt  address  factors 
induding  the  sensitivity  of  explodvematerials  to  acci¬ 
dental  initiation;  the  quantity  of  nuterial  available  to 
be  detonated  or  deflagrated;  the  heat  ffiat  would  be 
generated;  the  rate  of  burning;  the  potential  sources  of 
accidental  ignition  and  initiation;  and  the  protection 
capabilities  of  shidds,  dothing,  and  fire-protection 
systems  (Figure  94).  Other  health-focused  startdards 
address  the  potential  toxidity  of  the  explosive  materials 
and  the  oontrd  measures  that  must  be  in  jidaoe  to 
ensure  that  woiicer  exposure  is  wiflun  acoeptal^  limiis. 


The  DoD  has  estaUished  uniform  safety  standards 
applicable  to  ammunition  and  explosives,  which  the 
armyimplementedinArmvRe0t]atk>n38544."  Most 


Indtutrial  Hygiene  Ptinc^tlcs 

Apjdying  industrial  hygiene  prindpks  sudi  as  M 
engineering  controls,  (b)  adminikrative  contrds,  and 
(c)  personal  protective  equipment  (PPE)  in  the  work- 
pla«  will  further  limit  the  potential  for  workers  being 
exposed. 

EitgbuermgCoHiroIs 

The  ideal  con  trol  of  an  industrial  hazard  is  achieved 
through  design  dtanges  sudi  as  substituting  a  safer  or 
less-to^  process  or  material.  Any  such  nwdification 
of  die  wodqplace  should  be  dos^  coordinated  be¬ 
tween  qualified  industrial  hygiene  and  safety  person- 
nd.  But  substitution  is  a  lor^-term  solution,  and  may 
not  always  be  possible.  For  example,  the  Ufii  Army 
Armament  Researdv  Devdopment.and  Engineeiing 


photographbdattd  April  1942.  Aworkerb}irepariflg  to  dumpabox  of  bulk  TNT  into  the  meh  unit,  thnmgh 
whidi  steim  is  pm^The  liquified  Tin*  wUl  thenbe  pou^  into  dtc&s  and  boinbs.The  worker  wears  qiedai  iHCisparking 
safety  shots  made  without  nails.  Photograph;  Courtesy  of  the  Ordnance  Depsttment,  Signal  Corps  CcUegc;  Ordnance 
Onler,  Pkatinny  Arsenal,  New  jersey. 


(\i  iifJliinul  Hivtih  7/;r  ^ihfirr  aiiJ  l!h  Itufii^lru!  Kim' 


Fig.  9-1.  Thb.  phtitti};roph  v*as  nudo  jt  WtJJ  Crivk  Odiuno.*  Plant.  Milan,  T».*nncvM.v,  in  )une  W;!.  Theiwdnana*  »\iwkcT 
IS  slunvn  waihing  htT  hands  after  vxp»»su  re  ti»  T\T.  f  e  pnnfnt  dennaUvsis.  l*lH>topraph.  Ct*urtes\  nf  the  Wnrld  War  1 1  Signal 
Cnrps College,  IVar  Prixliulwn  T- 12 


Cimltfr  al  Picatinny  ArstTial,  New  JoiMry.  i;;  currently 
endeavoring  to  find  a  substitute  fiw  dinitrotoluene 
(DNT).  which  is  Urfh  toxic  h>  humans  and  mutagenic 
in  animal  systems.  It  has  been  classified  as  a  suspect 
caixinogen.'*  Finding  an  appropriate  substitute  is  ex¬ 
pected  to  take  about  5  years. 

Stinw  controls  pixn'i'd  their  worth  dunng  VVorW 
War  If  and  haveend  ured  the  test  of  time.  Some  of  those 
methods,  still  in  use  today,  include 

•  enclosure  of  proces.st>~lhe  melt  unit  used  in 
TNT  melt-loading  operations  (Rgure'^-?); 


•  general  exhaust  venhiation— the  type  used  in 
nnims  wdietv  pouaxi  TNT  munitionsaa’  cooling, 

•  local  exhaust  venlilatKin— the  type  used  in 
dusty  cperalions  such  as  sieving  (knowm  a.s 
.scriYiiH/y  in  the  chemical  iuduslrv)  flaked  DNT 
orTNTi 

•  temperatun.*  control  to  reduce  vapor  genera¬ 
tion — the  fyp«’  used  m  tolling  operatioas  with 
propellants  containing  nitreglycerin;  and 

•  amvote-controlled  operations—thc  modern 
a>nlinuous-finw  nitrators  used  topreduceni- 
laiglycerin.'' 
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Administmtive  Controls 

Since  Worid  Wxr  I,  adaunistrative  contn^  have 
ccmsisiently  ein{4iasired  woii  and  saniutkm  prac¬ 
tices  (Rguie  9-6).  'Toda/s  administrative  controls 
encompass  more  than  just  rotating  eni|dc^ees  is  and 
out  of  areas  mth  high  exposure  potentials;  they  m- 
dudesuch  essential  measuresas{ff)educatingwmken 
aboutthetcxicand  safety  harards  of  thematerials  with 
whldi  they  work;  (b)  forcing  strict  work-practice 
guidelines  to  iniiumize  the  generation  of  dusts  and 
vapors,  and  to  {Hvvent  dermal  conUct;  (c)  initiating 
apptDpfiatesanitati(»ipractioe3.iiidudingpayi2^sCrict 
attention  to  the  waste-explosive  crmtamlnation  of 
workers'  bodies  aird  clothing  and  ((O  providing  the 
workers'  chairging  aird  shower  rooms  with  separate 
locker  facilities,  to  segregate  their  street  from  tiieir 
work  clothing.  In  addition,  contaminated  dothing 
should  be  remcned  immediately  and  placed  in  closed 
corUainers  for  storage,  until  it  can  be  laundered  or  dis¬ 
carded  properly.  Gettaminatedskinshould  be  washed 
promptly  with  soapandrrater.  Inirtiiermore,awofker 
who  harries  these  toxk  compounds  should  wash  his 
or  her  face,hands,  and  forearm  thoroughly  with  soap 
and  water  before  eating,  drinking,  smoking,  or  ming 
toilet  facilities.'^  In  keeping  with  these  concepts,  the 
following  should  also  be  prolubited  in  the  wo^  a*ea: 
storing,  preparing,  dispensing,  or  consunting  food  or 
beverages;  storing  or  applying  cosmetics;  stoHng  or 


smoking  mbacco  products;  and  storing  or  using  prod¬ 
ucts  for  chewing,  such  as  gum. 

Petsomtl  Protective  Equipment 

PPE  to  cimticd  exposure  should  be  used  only  when 
engineering  and  administrative  controls  are  inad¬ 
equate.  During  the  world  wars,  the  use  (rf  diange 
houses  and  the  wearing  of  coveralls  became  wide- 
^nead.  In  addition,  a  great  deal  o(  attention  was 
directed  to  the  use  of  harrier  creams  to  protect  against 
the  dermatitis  and  syjtenuc  toxidty  associated  with 
explosives  such  as  trinitiophenylinethyinitramine 
(te^D  and  TNT.  These  creams  have  subsequently 
fallen  into  disfavor;  their  efficacy  is  lintited  and,  ii^ 
creasingly,  the  emphasfe  is  on  mqwsute  controls. 

Appre^mate  re^watory  PPE  and  gloves  must  be 
usedvd)eieindicated;theNatiotulInstituteofQaaipa- 
tional  Safety  and  HeaUt  (NlOfitO  has  pidifished  guid¬ 
ance  on  the  types  needed.*^*^  The  need  for  dose  coordi- 
nationhetweensafetyand  healtiipenonndisemphaiixed 
by  OSHA's  position  that  theiespiiatoryequyrnent  sup- 
plied  may  itself  create  safety  hazard  in  explosives 
manufacbiTing  operations.*  For  example;  some  lesyira- 
tofs,  eqpedaOy  those  with  air  supplied  (by  a  tank,  or  a 
sompresBor  and  hose)  can  create  sparks  and  Ihodbre 
pose  an  unacceptable  risk  of  jgniti^  an  expiosiaa  In 
this  instance,  protecting  the  wocket  from  a  health  haz- 
aid  would  conqxomise  overall  safety  from  explosion. 


GENERAL  MEDICAL  CONSIDERATIONS 


ThegreatestchaOengefacinganyphysicianbegin- 
iting  to  work  in  an  industrial  environment  is  to  under¬ 
stand  tite  hazards  faced  by  employees  in  dial  industry. 
MUHaiy  ammunition  plants  are  no  exceptkm:  e3<± 
type  of  projectile  attd  munition  contains  a  unique 
combinatkm  of  explosives.  A  carefully  didted  occu¬ 
pational  histoty  might  reveal,  for  example,  fhataworker 
is  exposed  to  ama^  or  compodtionB.  The  physician 
must  be  able  to  interpret  this  information  in  tenns  of 
specific  diemkal  exposures,  just  as  he  or  she  would 
interpret  chemical  trade  names  in  tiie  civilian  sector. 
Those  who  woik  with  composition  C4  should  be  as¬ 
sessed  for  RDX  (research  department  explosive, 
hexahydro-1,3,S'trinitro'l,3,5-triazinc)  toxidty,  or 
given  medica]  suTveiUance  for  RDX;  cydotol  workers 
should  be  assessed  for  both  TN’f  and  RDX  toxidty; 
amatol  workers  should  be  assessed  for  both  TNT  and 
ammonium  jiHrate  toxidty;  and  double^nse  propd- 
lant  workers  should  be  assessed  for  both  nitro^cerin 


and  nitrocdlulose  toxidty.  Sources  of  infonnation 
indudeMaterialSafetyDiitaSheets,mUitaiy!qf>edfka- 
tk>as,andthemcdddesignationsof!^»dffcammuni- 
tionitems.  Often  thebest  information  isavaitable  from 
the  safety  officer,  industrial  hygienist,  or  plant  com¬ 
mander. 

Preplaccmcnl  Omsidentioiis 

Preplacement  examinationshavebeen  used  by  some 
industries  as  a  measure  to  cofrind  costs  rather  than  as 
a  tool  for  maintaining  nvorker  health.  As  a  conse¬ 
quence,  professional  organizations  including  the 
American  Medica)  Association  and  the  American  Col¬ 
lege  of  Occupational  and  Environmental  Medidne 
have  made  mnneroos,  wdipublidzed  comments  on 
tiwapproptiate,etliicaluseof  theseexandnations.  The 
AmCTicans  with  Disability  Act  of  1990**  predudes 
preempktyment  examinations  foom  bdng  applied  as 
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discriminatory  toob  and  requires  that  4)^  be  used  sure  basdine  values  for  screening  programs.  For 

only  to  assess  critical  aspects  of  job  performance  ecam;^,  erythrocyte  counts  arxl  liver-function  tesb 

Eespitethb  controversy,  preplacement  medical  ex-  may  be  appropriate  for  woiiers  who  are  exposed  to 

aminationsremainpartofthefoimdationofamedical  agaitsthatarecapaUeofindudnganeQuaorhepato- 
surveillanoeptogmm  for  woricers  exposed  to  hazard-  toxidty. 

ousagents.  MedkalsurveUlanceshouldbeperfomtcd 

primly  for  the  benefit  of  the  individual  employee  Acute  ErquMore  Decorttamirution 
and  hb  or  her  immediate  coworkers  and  should  not  be 

used  for  hiring  and  firing  purposes.  The  first-aid  measures  and  treatment  procedures 

Preplacement  examinations  are  done  to  (e)  identify  for  indrviduab  who  have  been  exposed  to  explosives 

preexistitig  coitditions,  (f )  identify*  hypersuscepfible  and  propdlants  are  similar  to  those  for  exposure  to 

individuab,  and  (c)  establish  preerposure  basditw  other  toxic  substartoes.  The  rescue  procedures  follow 

values.  Preplacementexamirutionsmust  identify  pre-  those  dictated  for  most  emergencies,  but  the  rescuers 

existing  conditions  to  ensure  toe  worker's  safe  pe^-  should  try  to  prevent  additioiul  casualties  antong 

ounce  of  critical  )ob  tasks.  For  example,  Uindness  would-berescuers.Thextuingoabofinitialtreatment 
wouldpredudeawotker'sbeingassigrt^asaforklift  are  to  prevent  further  absorption  and  enhance  excie- 
cperator.  Shnilariy,  certain  neuiobehavioral  ccmdi-  tion,  which  may  be  adiiev^  by  first  removing  the 
tionssuchasepilepsyandsevetepsyduatricdborders  victim  from  exposure  aikl  then  removing  the  con- 
may  not  be  appropriate  among  explosives  workers.*^  tamiiuted  clothing.  Rescuers  should  thoroughly 
In  addition,  hjqxrsusceptible  intoviduab  nnist  be  deanse  the  skin  with  soap  and  copious  quantities  (rf 
identifiedbeeausetheymaybeathigherrbkfordevel-  water,  paying  attention  to  toe  hair  and  luub.  Eyewash 

oping  diseases  rriated  to  specific  occupational  expo-  fountainsshouldabobeidacedtoroughouttoewotk- 
sure.  For  example,  indrviduab  witoglucose-6-pbos-  {dace  to  provide  copious  irrigation  of  the  eyes  in  the 

{>hate  ddiydrogenase  (G6PD)  deficiency  may  have  a  event  of  a  qdash.  Contaminated  dothing  should  be 
hemolytic  obb  when  they  are  ex|XKed  to  methemo-  eitoerlaunderedcarefultyordiscanlecLThebeatinent 

gfobin-indudng  agents.  ofnuld,asymptomaticcasesinaytequitenothmgmofe 

Ptef^acement  examinations  abc>  establish  preex{>o-  than  removal  from  ex|x>5uie  arid  deconiaminatioa 

COMMON  MANIFESTATIONS  OF  EXPOSURE 

Cbmmon]y,o(gatucnitiatessharethesema)ortoxic  irritant  contact  deniutitb,  but  b  involved  in  the  aUer- 
dfects:derma*seriSttli»iMHi,niethemoglobitiernU,va-  gicfbnn.  Dermatitidescausedli^exiiosuretoorgano- 
soditation,  and  cardnogene^  Nitrates  used  in  exido-  nitrateshavenojuthognomoniccharacteristicstodb- 
dves  ure  no  exce(>tion.  Each  of  these  efiiects  can  occur  tingubh  them  from  otoer  irritant  or  allergic  reactions, 
sefiarately  or  til  combination;  however,  net  every  or-  SinceWorldWartbothaDeigicandiTriUntcontact 

gan!cn'tratecausesallfoureffecb,atkastaccordingto  dermatitideshavebeenthemostcoininontoxiceffecb 
current  uifornuiicn.  The  prevalence  of  eadi  of  tbi^  secninexplosivesworker5.'*Thcagenbmostresf>on> 
effKtsvarieswitotheqpedficchemkaL  Forexam{>ie,  sibleatetetryI,TNT,aiiutoi,ainiiionium|dciate,{>ic- 
tetiyl causes denn^'senritiZMtion almost exdustvdy,  ricadd,andmercuiyfulmiiute.  Hovrever, thereof 
nitroglycerincausesvasodibtion,andDNTbamuta-  other  ingredienb  and  exjxsures  must  not  be  over¬ 
gen  and  probable  evdnogen.  Many  organic  nitrates  looked:  industrial  exposures  to  solvenb,  cuttii^  oQs, 
ate  {xitent  vasodilators,  and  a  few  have  found  thera-  anddegreasersanoocurinthemunitionsindustiyand 
peutic  uses  in  dinical  medicine.  canalsoinducedennatitis. 

Oocupatiofulfy  induced  demutitb  (from  all  occu- 
Oennatitis  patkmalexposurescotkctivelylbconsideredtobetoe 

most  prevalent  occupationaldtseasebut  it  tardy  causes 
Dermal  sensitization  refers  to  the  induction  of  an  anymortality.  DurfogWoridWarland  World  Warn, 

allef:^rcactiondacutaneou$ex{X)suretoadiemicaL  however,morbidityfromletrylandTNTdennatitides 
It  maniJesb  as  alleipc  contact  dermatitis.  The  otoer  wasama|(>rcause(rftimelostfromwoik.  Futunatdy, 
major  occupation;!  dermatitis  b  irritant  contact  these  effects  resolve  after  toe  worker  has  been  re- 
dennatitisyWhichbanonaDergicieactionofskincqxised  moved  from  exjxKure,  and  they  generally  do  not 
to  a  chemicaL  The  immune  systems  not  invoh^  in  senaiize  the  iiidividual  to  other  chanicab. 


MUliary  EnergetK  Muterkds:  Explosmts  amt  Prvpettmts 


Methemoglobinemia  inducing  chemicals.  For  example,  individuah  with 

G6PD  deficiency  and  other  hemoglobuK^thies  are 
Methemoglobinemia  has  been  recognized  as  an  ad'  unupidysensitivetothehemolyticeffectstrfexposure 

verseoccupatkmaleffectsincethelSOOs/whencoal'tar  to  tl^  agents.  Preemployinent  screening  should 
derivatives  were  introduced  into  the  ex}dosives  and  identifyin^vidualswlthG6POdeficiencyandsidcle' 
dye  industries.  Many  drugs  and  diemi^  exert  an  c^  trait  Aggressive  medical  surveillaiKectf  workers 

oxidant  stress  on  hemoglobin,  whkh  oxidizes  the  iron  at  high  risk  has  effectively  reduced  such  exposures 

inthehemeportionofthemokxuleftomdteferFDusto  and  health  ejects.  Methemoglobin  can  be  measured 

the  ferric  fb^  thus  rendering  the  hemoglobin  mol-  diiect]y,butthi5miistoccurwitlunjustafewhoursof 
eculeitKapablec^lnnding  oxygen.  The  body  sponta-  sampleoollectionbecausetnethcmcgiolMftinerythit}' 

neously  produces  small  anwunts  of  methemoglobin,  cytes  reduces  rapidly  to  hemogkdim.  Al!  cases  of 

but  enzymatic  reducing  qrstems  within  die  erythro-  cyaiwsisavi  abnormal  bkwd  findings  should  trigger 

cytenonnalIymaintainthatconcentrationbdow1%of  exposure^ontrol  action.'^ 
the  toUlhemoglobui.  Clinical  effects  of  iiiethemoglo-  Mild^o-moderatecasesofmediemoglobiiiemiawill 

binemia  may  develop  when  more  than  10%  to  15%  of  recover  spontanecxisly  within  2  to  3  days.  Inmov 

the  total  hemoglotw  is  converted  to  methemoglobm.  severe  symptomatic  cases,  methylene  blue  (adminis- 

The  acute  signs  and  symptoms  of  methemo^obin-  tered  intravenous^  as  a  1%  solution  in  saline  at  1-2 
emiain(hkleper5tstent,slate'graycyanosis(tlwmo6t  mg/kgoverlOmin)isaneffectivetherapy.  Aseoond 
readilyappar^sign);fatigabilit]^ma]aise;heada<he;  dose  may  be  administered  after  1  hour,  if  neoes- 
and  i^dislvbrQwn  discoloration  of  the  peripheral  saiy.'*'*  Aithoughhypetbaiicoxygenhasbeenadvo- 
Mood,  which  does  not  become  bright  red  whim  ex-  cat^asatherapy,otheraudioritieshavenotfiDundit 
posed  to  oxygen.  Massive  exposure  may  cause  60%  to  to  be  efficacious.^'^ 

70%  of  the  hemogloNn  to  convert  to  methemoglobin, 

wludi  can  produce  collapse,  coma,  and  death.  VaaodilaBoa  and  Cardnogenesls 

Chemicak  diat  induce  mediemoglobincmia  also 

tend  to  cause  duonk  anemia,  whi^  may  devdop  Although  organic  nitrates  as  a  dass  cause  bodi 
insidiously  even  in  the  absence  of  cyanosts.*^  This  dermatok>gicalaridhematoIogkaleflecis,^iedficex- 
anemia  usually  occurs  when  erythrocytes  that  contain  jrfosivessudiastutioglycetinandDNTarevasodila- 

inethcmogk)binhemol3rze.  tory  and  mutagenic,  reqiectivdy.  Ihesesubstance- 

As  diey  do  within  ny  toxic  exposures,  individuals  uniqueeffectsaiediscus^indi^qjedficdiemistiy 

have  a  wide  range  ur  sensitivity  to  methemoglobin-  sections,  which  follow. 

THE  AUPKATIC  NITRATE  ESTERS 

The  aliphatic  nitrate  ester  dass  of  compounds  in-  compounds  vary,  as  does  the  amount  of  ioxicologica} 

dudesinanymemberswithex{dosivepropertie5,some  data  available, 
of  which  are  militarily  signi&cantQ^gure  9-9).  Widi 
the  exception  of  nitrocdlulose,inemb(as  of  this  dass  Nitroglyccrio 

are  manufoctured  siinilarly  and  are  simiiarly  toxic 

The  physical  properties  and  uses  of  the  indtv^ual  Nitrogiycerinwasthefiistcnganicnitratstobeused 


M— — |' 


OH  +  3HNO, 


H - 1— CH 

H 

Gtjfcarin 


>  H— 0— OHOx  +  3»V) 


I 

H 

NOrofilycarinfNQ) 


319 


Uccupalional  Health:  The  Soldier  and  the  Industrial  Base 


Common 

Homo 

CASRegMry 

Humbor 

Synonyms 

Formule 

Structure 

MCtoglycsrin 

5&«30 

12>t*rapani(rM  trMnls 

QlycsiyIMnCrBit 

Trinarogtycwi 

NQ 

CaHsUp, 

H 

HjC - C - CHi 

1  1  1 

ONOlz  ONQt  ONCb 

DhytansGtyool 

Dfoltrm 

6284S« 

i 

rHrOgpyooi 

GlyooldHtials 

EGON 

HjC - CHj 

1  1 

ONQi  ONO^ 

i 

1 

9004-7D-0 

CsluloM  naraW 

GunooMon 

NC 

C,2Ht«(0Npj),04 

ouoZ 

Psntaawaol 

iMrafMnBi 

78-11-5 

3^MOpsnt(iol  (flniMIt 

Nanrima 

TEN 

PETN 

1 

tyw>« 

OHOz 

Hz  1  H* 

QiNO — C — C — C — ONOz 

r 

ONOit 

PnpytmsQjycal 

(Mmit 

8428484 

12*Prop)ftsns  gljTOl 
dMtrale 

124’iapanKioe  cMMa 
Prapyisns  ^yool 

12-dMrals 

POON 

CbHiNA 

H 

HaC - C — Ctl, 

1  1 

ONO^ONQz 

OoOiylm9Ql)^ol 

OnOnm 

88821-0 

Ml  H, 

QiNO — C — C 

QiNO — C — C 

Hi  Ml 

OEGON 

OEGN 
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forinuUe.aivjstructum.  The  reakier  can  cotnpre  the  suniUritifswt  subtle  differences  in  focCTuUe  end  stnieturw  among 
the  compounds  in  tfiis  group.  Nitroorihikaeb  a  variable  length  chain  CDnsteayo(wpeartedC^H;(ONO;;j)j02  unite. 


as  an  explosive.  Although  AscanioSobiero,  an  Italian 
cheoiist,  hist  synthesized  nitroglycerin  in  1847,  it  was 
not  %vid<Jy  appreciated  untiI1863,  vriien  Alfred  Nobd 
began  to  use  it  as  a  blasting  compound.*  To  mahe 
nitroglycnrin  safer  to  woric  with,  Nobel  began  using 
solid  material*  toadso(bliquklnitrbglycerin,6omtriiich 
dynarntte  were  formed.  (Ttiere  are  many  fornuilatioits 
f^  dynamite,  using  different  hquid  or  gdatinous  ex¬ 
plosives  on  a  matrix  of  various  sdid  materialiL) 

In  1888,  Nobd  demonstrated  diat,  by  using  nitro¬ 


glycerin  to  gdatinize  nitrocellulose,  the  explosive 
properties  of  nitroglycerin  could  be  converted  to  pro- 
pedmt  uses;  as  a  rsult,  he  devdoped  not  onfy  toe 
earliest  of  the  smolceleM  powders  but  also  the  doiuUe- 
baseptopdlants.  UntQtoeivallpropellantshadnltro- 
cdhilose  akme  as  toeir  explosive  component— now 
called  sin^e4«se  propellants.  Doubiebase  propd- 
lants  are  those  with  nitroglyoerin  in  addition  to  nitro- 
cdtulosei  Tripie4xMpropdIantshavenitronianidine 
included  as  the  third  explosive  component.”  Militaiy 


TABLE  9-3 

MILITARY  USES  OF  SOLID  PROFELLA^a5 
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use  of  lUtroglycerm  b  aloKist  exdusivdy  in  combina¬ 
tion  with  nitroceDulose  as  double-  and  triple-base 
propellants  (TaUe  9-3). 

The  freezing  point  of  nitroglycerin  (13*0  caused  a 
major  safety  ptriUem  with  the  early  dynamites.”  Ex- 
pksions  were  iKitruKornmon  when  munitions  or  dy- 
naxnitewereaccidentaUyhazcnduring  winter.  Nitro¬ 
glycerin  in  the  solid  state  is  mud)  less  sensitive  than  in 
the  liquid.  But  while  dawing,  rritroglycerin  is  much 
mote  sensitive  to  detonation  d)an  vdiile  either  a  solid 
or  a  liquid.  Decomposed  nitrogSycerin  is  eqjedalfy 
dangerous.  Not  only  is  it  more  sensitive  to  acddentid 
detonationthanwhmpore,butd)ef6nnationofiu<ro- 
gen  oxides  may  also  constituteaseparatetoxirily  haz¬ 
ard.^  Hoivever,  because  the  military  use  erf  nitrogi^ 
erin  is  limited  almost  exdusivdy  to  the  double- 
triple-base  propdlants,  which  arestdilecolloidal  mix¬ 
tures  wid)  kn^  heoang  points,  the  instability  of 
nitroglycerin  at  its  heezing  point  is  not  a  problem. 

Odiff  aliphatic  rritrate  esters  have  limited,  ^)edal- 
izeduses.  In  19(6,  ediylene  glycol  dinitrate  (EQDN, 
freezing  point -8*F)  was  introduced  as  an  additive  to 
lower  ^  freezing  point  of  nitroglyoain,  and  since 
1920,  ECIXrf  has  b^  a  major  component  of  most 
dviUan  dynamite  formulations.”  EGDN  has  Btde  cur- 
rertt  military  use.  However,  anod)er  of  die  ahphatir 
nitrate  esters,  propylene  glycol  dinitrate  (PGDN),  i 
used  as  a  torp^  propdlanL^ 
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UMimfMctitneHidExposmtHetztris 

Nitroglycerin  is  manufrKtured  by  oneof  dueedosof, 
omfbmous^/kwpiooesseskitownastheBiazzLSchmid- 
Meissner,  and  ^  Nobd^ibator  processes,  in  which 
glycerin  is  mixed  with  concentrated  nitric  add  (Figure 
9-10).*  Adosedprocessisoneinidiichliquidchemi- 
cabarepipedfrmonedosedcontainertoanother— 
from  the  beginning  of  die  process  where  frwdstodc  is 
introduced  to  dieend  where  finished  product  ispadeed 
fr)r  shipping  orstoiage.  A conthmous-flow  process  is 
one  in  whiA  the  reactions  occur  oonstandy,  not  in 
batdws.  Theproductissubjectedtoaseriesofpurify- 
ing  ivashes  and  dien  transported  by  gravity  flow  to 
storage  tanks.  The  nitration  and  purification  pro¬ 
cess^— controlled  remot^  via  do^-dreuit  tekvi- 
saoit'--aie  conducted  in  sm^  heavily  revetted  build¬ 
ings.  Theother  liquid  aliphaticnitratesinaybeprepated 
by  siinilar  meth^  using  other  alqrfiatic  polyols  in¬ 
stead  of  glycerin. 

Liquid  nilnglycerin,  tr^edier  «vith  nitrocdhilose 
and  other  ingredients,  b  manutactured  into  double- 
and  triple-base  propeflants by  two  metiiods.*  Ingen- 
erat  tte  solvent  process  b  used  for  propdlanb  diat 
containlessthan40%nitioglycerin,whiled)esofiv}if- 
iiess  process  b  used  for  compositions  that  contain  tnoie 
than  40%  nitroglycerin. 

The  solvent  process  begfris  widt  die  addition  (rf  a 
serfvent  such  as  ether  or  acetone  to  water-ivet  nitroed- 
luloseinadough-typeinb(er(Hgiire9'll).  Nitroglyc¬ 
erin  and  odier  ingmfienb  are  added  and  mixed  unto 
adrycoDoidfbni^  The  mixture  b  then  subjected  toa 
series  erf  presses  to  remove  the  solvent  and  complete 
the  coQoiding  process.  The  first  type  of  press  b  a 
hydraulic  bb^g  press,  whidi  stn^  squeezes  the 
li^jid  from  the  nifrocdhilose  mixture;  next  b  the 
iiMoimu  press,  whidi  improves  die  coDoidir^  of  the 
riitrocdhilosewiditlieriittoglyceriii.  Hnally,^mix- 
turebextrodedthrougha(&,cut  to  lengdi,  and  dried 
in  an  oven  to  form  the  finished  propellanL 

The  solvendess  process  begins  with  mbdr^ashirty 
of  nitrocdhilose  a^  nittogiycerin  in  a  tank  of  water 
(F^ure9'12}.  Other  ingrdlients  are  added,  and  die 
exoesswaterbremovedbycentrifugatioo.  Theresult- 
ing  paste  b  dried  furdier,  and  any  remaining  ingredi¬ 
ents  are  added.  Repeated  rdling  between  heated 
roQeis  removes  the  remainder  of  the  water  and  com¬ 
pletes  the  mixture's  coQoiding.  The  process  b  com¬ 
pleted  by  extruding  thedriedooliolddirooghadieaikl 
drying  in  an  overt 

Ocaipatioiial  csqiosuie  to  nitrogfyeerin  can  occur 
during  any  of  diese  operatfons.  fat  die  serfvendess 
process,  dermal  exposure  b  eqwdally  dgnificant 
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In  d»lH«d(axttimKK»-{km)metfKxi(rfro«nnf»ctuitngnitrogljrceriiv»U  proa »«  except  tank  are 
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Hg.  ML  In  the  solvCTt^iised  process  of  propdUnt  production,  the  initial  infadng»cociductedfa>  an  alcohol -ttitertohition, 
sdiich  is  dien  removed  via  dw  series  of  presses.  production  plants  prepare  these  propellants  in  batches,  and  utilize 
manual  labor  at  eadi  step.  Reprinted  widi  permission  from  Chemical  Propulsion  Infonnation  Agency.  Gtm  propdlant 
process  opeiations.  In:  Hczanis  Ommad  Rodbrls  and  Pnprflants.  Vol  2,  SoU  Proprilsnts  ana  fitgrediinifs.  LaureL  Md:  CFIA; 
19fiS:  3-15.  CPIA  Publication  3M. 


ainostgtoQer-^»«s8opefators,andcanbedeinonstiated: 
simultaneously  coOected  samples  wiD  have  higher 
concentrations  of  nitroglycerin  in  blood  dnwn  from 
thecubital  than  the  femcyal  veins.  tXie  to  the  widespread 
use  of  engineering  oontrolLe^tosuie  to  vapors  is  mincff^ 
(hiring  nitration,  but  inhalational  esqposuie  can  be  sig¬ 
nificant  for  press  operalofsanddiyiitg<TOom  attendants. 
During  World  War  n,  nitrog^lycerin  toxicity  caused  at 
least  78  reported  cases  of  kM  time  among  propellant 
workers,  several  of  vvhorn  required  transfers  todifferent 
worksites.*  Almost  certainly,  other  cases  of  nitro^y- 
cerin  toxicity  (inchiding  Monday  morning  angina, 
which  is  discussed  beknvloocuned  during  World  War 
n,  but  riwy  either  went  unreported,  were  untecog* 
nized,  or  cUd  not  result  in  time  lost  from  work. 


HsessumExfosmemidHeMltis^tctt 

The  efrects  on  human  health  from  exposure  to  ni* 
trogl]rcerin  have  been  observed  since  its  discovery. 
Because  of  its  vasodilating  properties,  nitroglycerin 
hasbeenarnairtstay  of  aritiangirial  therapy  since  it  tvas 
introduced  to  mecheine  in  1879.  Reports  of  rite  effects 
diatappearcdinnitroglycetinworlcmartdriieirfrani- 
lies  weredesciQied  in  the  Uteratureas  early  asl890;yet 
consensus  sdll  has  not  been  reached  on  all  of  the 
effects.*^  Contention  still  surrounds  die  chronic 
efrects  such  as  widkiiawal  syndrome  and  sudden 
death.  LitOeepidemiolo^calstnifyhasbeendoneon 
these  efrects  In  humans,  and  consequenty  litde  proof 
exists  of  rite  chronic  effects.  The  acute  cfrects  are  so 
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Hg>  ^12.  In  Gontmt  to  dw  snivcnt-btscd  pfoocM»  tht  aoivcndnc  pfootw  utto  no  yxtfintow  solvcnlt  duiing  tnluing. 
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Agency.  Gun  ptopdiant  ptootM  opcnUont.  bu  iteenfi  of  Otoncaf  Aodbrts  and  ProftBuH.  Vol  2,  SiiU  PnfiOMis  and 
/itiral^  latod,  Md:  CI1A;  19S5;  3-16^17.  cm  I^ibik^ 
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dnunatic  that  our  attention  is  frequently  focused  on 
the  short  tenn,  to  the  neglect  of  the  long. 

Tmdcokmetict.  The  toxicokinetics  <rfnitn)^cenn 
have  been  studied  and  reviewed  intenshrdy.  Ni¬ 
troglycerin  is  readily  absorbed  through  intact  sldn,  as 
wdl  as  via  the  resjwatoiy  aiKl  gastrointestinal  tracts. 
Vascrilar-tissue  uptake  and  Io(^  metabcdism  are  ex¬ 
tensive,  dtus  expkining  the  rapid  systemic  clearance 
of  nitroglycerin.  Once  nitroglycetin  is  absorbed,  it  is 
rajridfy  metabolized  by  hydrolysis  and  glutathione- 
dependent  organic  rtitrate  ester  reductase. 

Becauseof  their  rapid  hydrtrfyses,nittoglyoerinand 
theotheraliphaticnitrateshaveshorterbiologicalhalf- 
lives  than  other  classes  of  explosives.^  The  varia¬ 
tions  among  individuals  in  their  sensitivity,  {dasma 
levels,  time  of  onset  of  synqrtoms,  and  duration  of 
efiiects  are  extrentdy  wide.  Metabolites  ouy  alter  foe 
toxkokinetics  of  foe  parent  compouiul  during  duonic 
dostng.^ 

Aade  Efforts.  Acute  or  intermittent  exposure  to 
nitroglyoerin  may  cause  a  constdiation  of  symptoms 
insensitiveiitdividuals.  Vasodilatoiyefiectscanoocur 
wifoitfoalationofairboriteconcentrationsaslowas0.1 
mg/m^.  Most  of  these  symptoms  are  due  to  direct 
VKodilatkHi  of  foe  meningeal,  cutarwous.  and  ^s- 
temic  Uood  vessds.  Symptoms  due  to  vasodOation 
indude  headache,  ducdness,  nausea,  palpitations, 
hypotension,  flushing,  and  ddomiiul  paitt  Other 
effects  of  acute  exposure  appear  to  be  mediated  by 
other  mechanisms  and  ind^  mefoemoglobinemia, 
reflex  tachycardia,  and  increased  respiratory  rate. 
Hyperthyroidism  has  been  reported  to  potentiate  foe 
acute  toxidty  of  the  organic  nitrates.^ 

bfoalabon  exposure  at  leveb  as  low  as  14  mg/m^ 
have  led  to  more  severe  effects  such  as  dectrocaudio- 
gram  (ECG)  diai^,  chest  pain,  and  palj^tion. 
Massive  acute  exposure  may  cause  cyanosis,  conva, 
and  death. 

Ofoer  acute  efoKts  have  been  described,  but  they 
are  less  wdl  documented.  Central  nervous  system 
(CNS)jymptomssuchasconfusionaridhaIhicinations 
and  psychotic  episodes  such  as  homicidal  vioienoe 
haveb^  repotted  in  patients  after  they  have  handled 
nitroglycerbi.  Perqfo^  nervous  systmeftdissudt 
as  parefoesias  have  also  been  reported. 

Ingestion  of  nitro^^roerin  is  not  an  industrial  prob¬ 
lem.  It  could  foeoreticaBy  occur  via  contamination  of 
food  or  smoking  materials  in  foe  workplace,  but  this 
has  never  posed  a  practical  problem  in  manufocturing 
settings.  Of  course>  foe  use  of  sublingual  nitrates  is  a 
cxnuiKm  form  of  therapy  for  coronary  artery  disease, 
taking  advantage  of  the  tiansdennal  and  transmuco- 
sal  drsorption  and  foe  vasodilatocy  effect  of  some 
nitrates. 


Chronic  Effects.  Most  workers  become  tolerant  to 
the  vasodilat^eftects  of  nitroglycetin  withini  week 
after  foeirexposurehasbegun  and  develop  compensa¬ 
tory  vasoconstriction.  Tto  effect  has  also  be^  de¬ 
scribed  in  patients  who  receive  therapeutic  nitroglyc¬ 
erin.^  Thetoleranoepetsistsforapproximatdy  1  wed( 
after  the  worker  is  removed  from  the  exposure. 

Workers  who  havebecome  tolerant  to  foe  vasodila- 
tory  effects  of  nitroglyoerin  may  experieiKe  a  wifo- 
drawal  syndrome  if  their  exposure  is  terminated 
abruptly.  This  withdrawal  may  precipitate  angina 
pectoris,  myocardial  infarction,  and  sudden  d^th. 
The  condition  has  been  caDed  Monday  morning  an¬ 
gina  because  the  symptoms  appear  a^a  48-  to  72- 
bour  absence  ftmn  work.  Anecdotal  reports  of  these 
effects  have  appeared  since  foe  eariy  19305,  but  foe 
first  medical  case  series  was  reported  in  1952.* 
Themechanism  associated  angina  aitd  sudden 
death  appears  to  be  a  series  of  events  starting  with 
habituation  to  foe  hypotensive  efiects  of  chro^  ni¬ 
trate  exposure.  Wh«  removed  fiom  exposure;  foe 
employeedevelopsrriioundhypertension,whichmay 
be  followed  by  coronary  insufficiency.'^  Oxonary 
insufikietKy  is,  foerefbre,  a  secondary  effect  due  to 
rebouivd  coronary  vasoconstriction,  making  foe  heart 
lessaUetocompensateforfoeadditionalstraincaused 
l^^stemk: hypertension.  Studiesdonewithanimals 
haveshownfoat  nitroglycerin-tolerant  subjectsbccome 
anore  sensitive  to  vasoomstricton  after  they  are  wtfo- 
dtawnftomnitrogfycerin.  Some  have  shown  dectro- 
cardiographic  ST  segment  changes  and  ventricular 
arrhyfomias  suggestive  of  coronary  artery  ^>asin.* 
EviderKefeaccumulatingfoatwifoclrawaifiomnitto* 
glycerin  mcreases  foe  sensitivity  of  alffoa  1  adrenergic 
receptors  in  foe  coronary  arteries  to  endogenous  and 
exogenous  vasoconstrictive  agents.* 

The  chronic  cardiac  effects  of  nitroglyoerin  with¬ 
drawal  appear  to  be  latent  for  6  to  10  years  before  foe 
onset  of  symptoms.*  Several  studiesofSwedishdyna- 
mitevrotkashavedemoftstiated  excessmortaUty  from 
cardiovascular  arid  cerebrovascular  disease.  Thisex- 
cess  mortality  was  onfy  significant  for  workers  wifo 
long-tannemployineiaandhadalateiKyof20yeais.* 
A  mote  recent,  letroqrective;  cohort-mortality  study 
of  workers  at  a  U.Sl  Army  asnmunition  pbmt  showed 
an  excess  of  mortaJity  from  ischetnic  heart  disease 
among  rvorkersyour^foan^yearsofage.*  Fafoo- 
logical  examinations  of  nitroglycetin  woriteis  who 
have  expetierKcd  cardiac  events  have  fuled  to  reveal 
coronary  artery  disease;  stiengfoerui^  the  conduskm 
that  rebound  vasospasm  is  reqponsiUfc** 

A 1965 review  of  earlier  case  reports  revealed  com¬ 
plaints  of  digestive  trouUes,  tremors,  iteuralgia,  and, 
in  rare  cases,  skin  sensittzatkm  among  rutrc^'cerin 
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workers.’^  Decreased  alcohol  tolerance  is  common 
and  may  be  caused  by  nitroglycerin's  interference 
with  liver  alcohol  dehydrogenase.  Simultaneous  ex¬ 
posure  to  ethanol  and  nitr^ycerin  can  cause  manic 
bdiavior.* 

Numerous  other  chronic  effects  of  nitroglycerin 
exposure  have  been  reported,  but  are  poorly  docu¬ 
mented.  Reseandihasbm  conducted  onotherdironic 
effects  in  manunals,  but  the  results  have  not  been 
substantiated  in  humaits.  Chronic  oral  administration 
of  nitroglycerin  in  rats  has  produced  cancer  of  the 
liver.  OdiCT  research  with  mammals  has  indicated  the 
possibility  of  male  reproductive,  fetotoxic,  and  terato¬ 
genic  effects.”'’’  Itwaspreviouslybdievedthatnitro- 
glyoerinoouldinaeaseintiaocularpressureandprecipi- 
tategbuoocna,  but  further  evidenoe  has  diqxoveddus.” 

Medfca/  SurveilUoice 

Early  identUkatkm  of  cardiovascular  disease  is  the 
primary  goal  of  medical  surveillance  of  nitroglycerin 
workers.  A  preplacement  exammation  must  be  ad- 
mirustered  to  all  new  employees,  artd  should  consist  of 
both  nwdical  and  occupatxmal  histories,  a  physical 
examination,  and  iiKlicated  laboratory  tests  ^able  9- 
4).  Whetv^  their  employment  begins,  nitroglycerin 
workers  sl^Id  maintain  a  daily  record  of  their  pulse 
rates.  Periodic  examinations  should  be  conducted 
semiaimually,  with  thesarrre  focus  as  the  prej^aoement 
exarrairatkm.  During  the  periodic  exammatkm,  the 
physician  should  be  aware  that  headaches  that  occur 
during  workshifts  can  irulicateskinabsorptionofru- 
troglyceria  even  if  air  concentrations  of  nitroglycerin 
arebelowthePEL  Examirrations  with  ^milar content 
ate  necessary  when  exposure  to  nitroglycerin  has  been 
termiruted,  although  surveillatue  should  perhaps  ex¬ 
tend  beyoiKi  empkwment,  due  to  the  latency  ^  the 
ivithdrawal  effects.” 

In  addition  to  performing  the  medical  surveillaiKe 
exandrutions,  the  plant  shcKild  follow  this  procedure 
to  safeguard  the  h^th  of  its  workers: 

•  First,  the  plant  physician  should  alert  the 
worker's  private  fdiysidan  to  the  effects  of 
exposure  to  atvd  wididrawal  from  nitrog^xerm. 

•  Seamd,  workers  who  leave  the  plant  due  to 
any  kind  of  illtKSS  should  be  cleared  through 
the  medical  departmorL 

•  Aitd  third,  workers  should  also  be  examitred 
befon  they  return  to  workafterlengdty  absences. 

This  pr  ocedure,  common  in  all  types  of  industries, 
is  a  marugement  tool  used  as  an  admirustrativecot)- 


trol  measure.  When  workers  leave  the  plant  with  any 
illness,  a  medical  examination  on  help  determirte  if 
that  illness  is  due  to  an  acute  overexposure  to  nitro¬ 
glycerin  (or  any  other  toxic  agent).  By  early  detection 
of  a  sentinel  event,  the  plant  management  can  inter- 
veneat  the  worksite  and  thus  protect  other  workers  in 
thearca,as  well  as  the  ill  individual  on  his  or  her  return 
to  work.  An  examination  is  necessary  whenever  a 
rutroglycerin  worker  returns  from  an  illness  to  assure 
thatdwworker'shealth  status  has  itot  changed  in  sudr 
a  way  that  he  or  she  will  be  placed  at  risk,  ^redfkally, 
the  occupational  physician  should  look  for  dunges  in 
cardiovascular  status,  such  as  a  recent  myocardial 
infarction  or  rrew-onset  hypetlenrion. 

A  bioiogica)  marker  of  exposure  would  be  a  useful 
aid  to  the  occupational  heal^  physician  (as  is  true  for 
any  dtemical  exposure).  Blood  methemoglobinievds 
increase  after  h^  exposures,  but  these  are  not  suffi- 
dently  senritive  to  moiutor  exposure  to  nitroglyc¬ 
erin.*^*'  Nitroglycerin  can  be  detected  in  blood,  Iwt, 
because  cubital  vettous  blood  samples  reflect  almost 

TABLE  94 

PREPLACEMENT  EXAMINATION  FOR 
NTTROGLYOERIN  WORKERS* 


COQIpPMlIt 

Enphaais 

Medical  History 

Alcohol  use 

Tobacco  use 

Hypertension 

Cardiovascular  system 
Dennatitb 

Anemia 

Neurobehaviotai  disorders 
Medicatkms 

Reproductive  system 

Occupational  History 

Prior  re^»irator  use 

Prior  nitnte  exposure 
Wcekend/vacation  chest  pain 

Physical  Examination 

Cardiovascular  system 

Skin 

Nervous  system 

Mental  status 

Bkmd  pressure 

Tests 

CBC 

Resting  ECG 

Upkl  profile 

Uriitalysb 

*Mrdieal  xirvtiBMcr  alto  qyphw  lo  woriwn  expoMd  lo  oUver 
aiiplulic  nimie  cxploMvo. 
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exdu^vely  the  locally  absorbed  compouitd  from  the 
distal  part  of  the  arm,  they  are  ^mreliable  indicators  of 
systemic  exposure.*^ 


Prbtutry  Preventiort 


The  most  efficacious  medud  to  control  oexupa- 
tional  nitroglycerin  toxicity  is  to  prevent  exposure 
using  engineering  controls  and  hy^enk  work  pia<> 
tices.  This  is  especially  true  because  adverse  effects 
occur  at  exposure  levels  below  the  odor  and  eye- 
irritation  thresholds  that  could  warn  workers  of  po¬ 
tentially  hazardous  environments.*" 

Several  types  of  enpneeting  contrds  have  proven 
tobeeffktive  in  reducmginhakdkNial  exposure,  indud- 
ing  automafion,  ciosed-dreuit  tdevisioiw  and  an^ 
work-area  ventOatkm.  Volatilization  of  the  al^)hatic 
nitrates  can  be  miniimzed  by  processing  at  die  lowest 
praetkaUetemperatures.  Opmfionstfaatrequireheat- 
ii%  should  be  contndled  remotriy.’^  Maintaining  a 
water  seal  over  liquid  nitrogiycerin  will  prevent  its 
evaporation  and  r^uce  its  concentration  in  air. 

When  necessary,  PPE  should  be  worn  to  prevent 
dermal  contact  arid  to  reduce  airborne  levds  to  an 
acoeptaUe  range  Particular  attention  must  be  de¬ 
voted  to  the  type  of  gloves  worn.  Pdyethylene^oves 
may  be  the  b^  di^,  because  nitroglyceiin  easSy 
peiietrates  neoprene,  leather,  and  rub^.  Cotton  or 
canvas gloves,frequentlychanged,are also  preferable 
to  rubber  gloves.  A  bee  shidd  or  splash-proof  safety 
gogglesmayalsobenccessarytopiotecttheeyes.  An 
organk  vapenr  re^iirator  may  also  be  required  to  pre¬ 
vent  headkhe,  e^iedally  at  concentrations  hi^ier 
than  0.02  ppm.*^ 

ThesdedionrrfaTeqjuatoriscontroveTsialatpresent 
because  (a)  the  efficacy  of  half-mask,  airqnitifying 
res{wators  is  unproven  and  (b)  the  respirators  sup- 


]^ied  to  be  used  during  explosives  manufacture  have 
potential  safety  hazards.*"  To  date,  die  only  re^nra- 
tors  that  have  been  demonstrated  to  provide  a  suffi- 
dendy  high  protection  factor  are  die  fuD-face,  sup- 
plied-air  respirators.  However,eventheseareyettobe 
proven  safe  in  the  potentially  explosive  atmospheres 
that  may  exist  in  nitroglycerin  manufacturing  opera¬ 
tions.  Therefore,  the  only  way  to  assure  diat  workers 
are  protected  is  to  lower  the  airborne  levd  through 
eiq;h)eering  controls.  However,  this  is  not  feadbie  in 
all  cases.  Both  the  government  and  industry  are  ag- 
gressivdy  pursuing  a  resolution  to  ihb  pnMem,  to 
comply  widi  die  lower  OSHA  PEL  for  nitroglycerin 
that  was  promulgated  in  1969.* 


Careful  attention  to  personal  hygiene  is  necessary 
to  prevent  workers  firm  contaminating  their  street 


appard,  and,  as  a  result,  possibly  poisoning  their 
family  members.  Ataminimum,manufacturingplants 
should  provide  diange-house  facilities  that  contain  an 
adequatenumber  of  coveralls,  and  showerfadlities  for 
employees  to  use  at  the  end  of  their  shifts.  Indicator 
soaps  are  available;  they  turn  red  in  the  presence  of 
re^ual  nitroglycerin  not  removed  fiom  the  skin.  So¬ 
dium  sulfite  in  the  soap  reacts  with  nitrate  groups  in 
nitroglycerin  to  form  sodium  sulfonate."  similar 
reaction  also  occurs  with  asyinmetrical  TNT  isomers 
andtetryU 

The  treatment  for  nitroglycerin  poisoning  consists 
of  removing  the  patient  fiom  the  source  exposure, 
dioroughlydeaittingtheskinandmucousmetnbranes 
of  nitroglycerin  contamination,  and  providing  cardio¬ 
vascular  support  Washing  the  sl^  with  aqueous 
sodium  thkmilfate  wiU  assist  in  neutralizing  any  ni¬ 
troglycerin  that  remains.  The  use  of  oral  nitrates  and 
calcium  diannel-blocking  agents  has  been  somewhat 
efficadousindietreatmentof  nitroglycerin  withdrawal 
Both  help  in  nitroglycerin  withdrawal  (but  not  in 
toxidty  as  such)  by  reducing  reflex  vaso^jasm;  the  wal 
nitrates  work  by  drug  replacement  (analogous  to  us¬ 
ing  nkotinegum  in  tcbacco  cessation,  or  methadone  in 
heroin  with^wal  to  overcDone  the  physiological  ef¬ 
fects  of  withdrawal);  the  calcium  channd  blodcers 
work  by  a  different  i^iarmacological  mechanism  to 
induce  vasodilatkm. 

Ethylene  Glycol  DinHtate 


ONQz  ONQ; 

EthyIeneglycoidinitrate(EGDN)isfiequentlyused 
togeUier  widi  nitroglycerin  in  civilian  formulations, 
but  is  rarely  encountered  in  military  propdlants. 

Due  to  its  higher  vapor  pressure,  EGIM  vapors 
predominate  at  iiD  concentrations  when  present  with 
nitroglycerin.  Liquid  EGDN  appears  to  be  absorbed 
transdennally  more  rapidly  than  nitroglycerin,  and 
EGDN  vapors  penetrate  intact  sidn.  Surreal  gloves, 
used  to  protect  the  skin,  absorb  more  of  the  vapor,  but 
are  less  pcrmeablf  to  liquid  EGI^  through  direct 
contact  than  are  cotton  gbves." 

The  symptoms  and  effects  of  exposuretoEGroiI,as 
ivell  as  Uie  medical  surveillance  arid  treatment,  are  the 
sameasthosefornitrciglycerin.  EGDNcanbemeasuied 
in  blood  and  urine,  but  its  concentration  in  urine  is  a 
more  reli^  indicator  of  exposure  ffian  Mood  levels. 
The  clinkal  use  of  urinary  EG!^  levds  to  confirm 
exposure,  however,  has  r  nt  yet  been  documented.**’ 


Ob 
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Piopylene  Gljrcol  Diniinte 
H 

HjC - C - CH, 

ONOjONOj 

Pttipylene  glycd  dinitiate  (PGON)  is  the  piindpal 
component  (75%  by  vdunie)  of  Otto  Fuel  EL  a  torpedo 
piopdiant  that  was  introduced  in  1966;  therefore  ex¬ 
posure  to  PGDN  can  potentially  occur  during  torpedo 
maintenaivce.  This  liquid  has  significant  vapor  pres¬ 
sure  under  ambient  conditions,  and  is  quite  ^uble  in 
lipids.  In  the  navyduiing  torpedo  defu^g,iefuding, 
repair,  and  maintenanoe,  torpedo  man's  mates  have 
been  exposed  to  through  dermal  contact  aird 
inhalation.  Airborne  exposures  of  up  to  0.22  ppm  of 
PGI^  can  occur  during  defueling  a^  tefuelbtg. 

Acute  tscposure  can  have  several  effects  sunOar  to 
those  caused  hy  exposure  to  nitroglycerin,  many  of 
«^ikh  are  due  to  vasodilation.  Th^  efiects  indude 
headadtes,  nasal  congestion,dizzmess,impaitmentof 
motorcooidinatk>nar)dbalairoe,eyeirritation,disrup- 
tion  of  visual  evrdwd  respoftses,  a^  altered  oculomo¬ 
tor  fuiKtkm. 

In  humans,  PGIXM  affects  the  cardiovascular  sys- 
temandtheCNS.  At  concentratioits  higher  than  0.2 
ppm,  acute  exposure  to  PGl^  produces  headadies 
a^CNS  depression  withoutevidetKecd  biochemical, 
hematologi^  or  qrirometric  char^es.*^  Whether 
PGDN  can  cause  significant  cardiovascular  effects  re- 
nrains  controversial.  Exposure  to  PGI^  at  levds 
twice  the  TLV  did  not  cause  cardiovascular  or  neuro¬ 
logical  effects  in  torpedo  maintenance  workers  in  one 
st^y.*  Another  ci^ant  of  tmpedorrtan's  mates  who 
were  potentially  exposed  to  PGI^  at  levds  up  to  022 
ppm  showed  an  iraeased  risk  fbrmyocardialtrdarction 
a^  angina  pectoris.*'  The  U5.  l^vy  b  evaluating 
CXto  Fijd  n  for  teratogenicity,  whidi  b  a  suspected 
consequence  of  rrraternal  cMthemoglobirreittia  artd 
rdated  Mood  dyscrasias.** 

High  doses  of  PGDN  in  animab  have  led  to 
hypotension,methemogIobinformation,andhenK)si- 
de^deposHs in  Ae Ireland  kidneys,  indkatirrg  that 
erytimxytes,  the  liver,and  tile  kidneys  are  abotargeto 
forPGDN.*^ 

The  medical  surveillance  and  exposure  omtrob  for 
PGDN  exposurearethesameasthoM  for  nitroglycerin 
exposure.*' 

Pantacfylhrilol  Tctnniliale 

Pentaeiytiiritol  tetrarutrate  (FEIN)  b  prepared  ei¬ 
ther  in  batches  or  by  continuously  nitrating 
pentaerythritol  (telrarnrihylolmethane),  which  b 
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I 
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manufachued  from  formalddtyde  and  acetaldehyde. 
PETN  b  used  as  a  pentoUte  mixture  with  TNT  in  the 
manufacture  of  small-caliber  proiecti]es,gtenades,  and 
booster  diarges  and  b  also  used  alone  in  the  mainifac- 
tureofdetonatingfiizesand  detonators.  Additionally, 
PETN  has  been  used  therapeutically  for  ib  vasodila- 
toryefiects.  Ib  trade  name  bPeritrate,  manufactured 
byParke-Davb. 

Under  ordinary  circumstances,  PETN  has  very  low 
potential  forexposure.  It  b  nearly  insduMe  in  water, 
and  b  usually  handled  water-wet  PETNbafasoibed 
slowly  from  tiw  gastrointestinal  trad,  skirt,  and  htngs. 
Compared  to  nitrogfyeerin,  FEIN  b  significantiy  1^ 
toxk  and  more  stable. 

The  acute  efteeb  of  exposure  to  PETN  are  similar  to 
those  of  nitrogtycerin.**  Hypotension  and  increased 
re^riratory  rate  may  both  occur,  but  to  a  lesser  degree 
than b observed wilhnitTD^ycexiiL  Incontrasttoititro- 
g!tyoerin,httie  reflex  tadiycudbbobserved  with  PETN. 
Dy^mea  and  convulsioib  have  abo  been  leported. 

Ebta  on  the  human  effeeb  of  dironic  exposure  to 
PETN  are  almost  completdy  lacking.  Chronictoxk% 
of  PETN  was  studied  in  rab  during  the  early  1940$. 
Althou^  hemosiderin  was  found  in  the  ^rieens  of  the 
PEFN-treated  rab,  no  patholo^cal  dun^  were  ob¬ 
served  in  tiieirvascularsystems.  Thecontinuedfeed- 
ing  of  PETN  in  doses  of  2  mg/kg  daily  over  a  period  of 
I  year  did  not  produce  significant  effeeb  in  the  lab.** 

Themedicalsurveillancefiorandtreatmentofcsqpo- 
suretoFETNshouldbethesameas  that  for nitioglyoetin. 


NHtocdtaloae 


NHrocdhilose  b  a  nonvolatile,  fibrous,  white  solid 
insisting  of  chains  of  ghxoside  unib  in  which  the 
hydroxyl  groups  have  reacted  to  form  nitrate  esters. 
Themolecularwei^dependsontiiediainlei^and 
the  degree  of  polymerization,  which  in  turn  dep^  on 
the  source  of  the  cdhitose  l^y  sources  of  ^ulose 
may  be  used,  indudir^  paper  roOs,  cotton  lintars, 
wo^  pulp,  and  waste  cotton. 
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Mrmi^actjtre  attd  Exposure  Hazards  doesnotappeartobeabsorbedbyanyroute.  Theonly 

effects  of  ingestion  are  due  to  the  bulk  of  fiber,  which 
Nitroc^ulose  was  first  produced  in  1838,  but  prac-  may -yxiude  the  intestinal  lumen,  and  are  nodifferent 

tiol  difficulties  in  manufacturing  and  using  the  mate-  than  c  fects  of  nonnitrated  cellulose.  N',foceIluIose  is 

nal  were  not  overcome  until  1865.  Since  that  tkire,  notirritatingtotheskin,3ndnomutagcnicactivityhas 
it  has  becoure  the  basic  component  of  single-base  been  detected.^ 

solid  propellants.  Nitroc^ulose  is  the  ptindpal  in-  Other  exposures  during  the  manufacture  of  nitro- 
gredient  in  gim  and  mortar  propellants,  smokeless  cellulose  are  ofgreater  significance  to  woHceis.  These 

powder,  and  ball  powder.  The  military's  produc-  indudeexposuiestoacidsandaddvaporsduringthe 
tion  of  nitmcellulow  is  second  only  to  its  productfen  initial  lutration  process,  whidt  may  lead  to  dental 
of  TNI'.  Nitrocelluloss  is  also  a  comporwnt  of  com-  erosions  arvi  cheinka!  bums.  UtKontroiled  exposure 
busfable  oiTtndge  cases,  aitd  in  the  civilian  sector  is  torawcottondustfiomthelintersbeforenitrationcan 
used  in  nvanufacturing  blasting  fiiaes  atul  mining  cause byssmosb,whkhisalsoknownascotton'millor 
durges.  mill  fever.  It  is  a  usually  allergic,  occupational,  resfu- 

In  explosive  applications,  nitrocdlulose  requiresa  ratotydiseaseofcottoivflax,ai\dhempwotketsandis 

higher  degree  of  nitration  than  diat  {Hoduced  for  its  char^erized  by  symptoms— especially  wheezing — 
nonexpkisiveusessuchaslacquers,in^icalcollodion,  that  are  ntost  severe  at  the  beghming  of  eadi  work 
itdeba^,  or  filter  ttrembtanes.  Military-grade  nitro-  week  {because  the  lack  of  exposure  over  the  weekend 

cellulose  is  produced  at  various  US.  Army  ammuni-  allows  large  quantities  of  Uie  mediators  of  allergy, 
tion  plants  in  a  process  wherein  oeDuIose  b  nitrated  such  as  histamine,  to  accumulate). 
svithcoiKentrated  nitric  atKi  sulfuric  adds.  Theonly  The  potential  hazards  encountered  during  the 
significant  byproducts  of  manufecture  are  the  spent  manufacturingprocessnccessHatethatprecautionsbe 
adds,  which  are  concentrated  and  then  reused.  taken.  Adequate  ventilation  during  botlt  preparation 

of  the  linters  and  nitration  b  essentiaL  It  b  recom- 
Hiumm  Exposure  and  Health  Effects  mended  that  PPE  be  worn  by  employees  who  work 

near  the  adds. 

Insoluble  in  water  and  resistant  to  biological  degra-  No  medical  surveillance  for  exposure  to  nitrocdlu- 

dation,nitrDcellu]osepersehasa  very  lowpotentialas  losebnecessary.and  treatmentforthesequelaeofadd 
a  hazard  to  human  h^lth.  As  an  insoluble  polymer,  contact  b  not  unique.  No  exposure  limib  have  been 
niirocdlulose  b  not  absoibed  in  the  gut,  and  in  fact  established  for  nitrocellulose. 

THE  NTTROAROMAITCS 

Thenitroaromafics  werethesecond  class  of  organic  Not  the  first  to  be  ^fitesized  but  now  the  best 

nitratestobecomeimportantasexplosivecompomuis,  known  of  the  aromatic  nitrate  exjdosives,  2A,6-trini- 
and  they  continue  to  be  represented  prominently  in  trutohiene(TNT)wasfiistpreparedinGerinanyinl863. 
theworld'sarsenab(Hgure^13).  These chemkabare  Although  it  was  not  manufactured  industii^  until 
well  absorbed  by  all  routes  and  tend  to  vapidly  pen-  1891,  T^  rapidly  became  tfie  premier  hi^  eaq^ 
etratethedermb.  Thema^rcffectsofthesedtankab  sive.”  Maior  militaiy  powers  adopted  TNT  as  their 
indude  methemoglobinemia,  cancers  of  the  urinary  major  high  ex{4odve  in  1901,  when  it  replaced  pietk 
tract,  anemia,  and  skin  sensitization.”'*'  add.  The  firrt  sigrtificant  militaiy  use  of  TNT  %vas 

during  the  Russo-Japanese  War  of  1905. 

Trinitnitohiene  Many  factors,  irtdudingiis  low  cost,  safety  in  han- 

dlin^oompatibilitywitho(herexj^osive5,k>wmdting 
point,  modaatetoxktly,and  low  senativity.have  made 
TNT  toe  most  widdyia^  military  ex|4o8iveoflhe20th 
century.  Before  19M,  its  manufacture  was  Itrnifed  by 
toeavailaUlityoftohieneftoenaliyprodactoftoectAe 
industry;  see  Chapter  1,  Occupatimal  Health  in  the 
US.Ar^}.  Advaitces  in  petroieumdiembtry  during 
World  War  n  pemUtted  toe  Athens  of  luge  quanti¬ 
ties  of  mexpensive  toluene,  whidt  greatty  enhanced 
TNT  production  capadty  in  toe  United  Stotes.” 
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Hg.f-13.  The  nittx)MPm«tkexpk)rivts,  together  with  thdrromnxm  name*,  ChmkalAb*tnictSc>drtynumbOT,iynoft3rm», 
fonmilac;,  and  itractom. 
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TNT  can  be  found  in  virtually  ali  military  applica¬ 
tions  and  is  frequently  mixed  with  aluminum  and 
other  high  explosives  to  form  binary  or  ternary  explo¬ 
sives.  Its  easy  availability  during  World  War  II  triade 
TNT  a  perfect  suspension  agent  for  more-powerful 
explonves  such  as  PETN  and  ROX,  and  made  melt- 
lo^ing  nrethods  feasible^  In  1973,  at  the  end  of  our 
mobQintkm  for  the  Vietnam  War, anestimated  200, 000 
tons  of  TNT  were  produced  in  the  United  States.^  By 
1986,  however,  domestic  production  had  been  cur¬ 
tailed  due  to  the  increasing  pressure  that  had  devel¬ 
oped  regarding  the  diemi^'s  oontamiitation  of  the 
enviroiunent  Qvilianapplicatxms,lesscoiiunonthan 
military,  still  indude  using  TNT  in  cmiuneidal  explo¬ 
sives  and  propellants,  aikl  as  an  intermediate  in  the 
production  of  dyes  aiul  photographic  chemicals.^' 

Mmaefactiut  and  Exposure  Hsxetrd 

TNT  was  formerly  prepared  by  batch  rutratkm  of 
toluene,butcu]Tentmanufocturingmethodsarebased 
on  continuous  stepwise  nitration  of  tduene,  with  a 
mixture  of  concentrated  nitric  aitd  sulfuric  adds  flow¬ 
ing  countercurrent  to  the  toluene  (Figure  9-14).  Soda 
ash  lanhydtous  sodium  carbonate)  arid  sodium  sulfite 
OTtf  used  in  the  washing  and  crystallkation  processes 
to  purify  the  oudeTNT solution.  Thepurifi^TNTis 
±.-*n  dri^  in  a  stearrt-jacketed  pan  befcm  being  flaked 
aivdpaded.  Occupational  exposure  to  adds,  tc4uene, 
and  impure  TNT  are  minimal  during  the  continuous- 
manufacture  process,  in  contrast  to  the  older  batch 
processes.” 

The  most  significant  risk  of  exposure  to  TNT  occurs 
during  shell-loading  operations.  Exposure  can  occur 
during  several  of  the  steps,  most  of  whidi  involve  the 
rirdt-kuding  process.  In  this  process,  dry  flakes  of 
TNTarepornedintoasteam-heatedmdtingkettleaitd 
heated  to  approximately  I00°C  Other  hi^rrrelting, 
norutretallk  additives  sudr  as  RDX  or  nitrostilberteate 
added  at  this  point  (usually  water-wet  to  ccmtrol  their 
flanuiuHIity).  Continued  heatiirgdrivesoff  the  vnier, 
and  flaked  aluminum  may  be  added  at  this  point  The 
mixture  is  then  cooled  until  the  estaUished  pouring 
consistetKy  is  reached.  After  the  mbcture  is  poured, 
theloadedsheUsarecooieduTKlercontrcriledcoiKii- 
tionsbefore  the  risers  (fmwdlike  devices  that  are  fitted 
into  the  nose  of  eadi  shdl  to  facilitate  fiUirtg  the  loads 
to  the  top)  are  removed  and  further  procesdng  occurs. 
Exposure  to  TNT  dust  fume,  and  vapor  can  occur 
during  any  of  diese  operations. 

Exposure  to  TNT  can  also  occur  durittg  numerous 
circumstances  other  than  shell  Ioadii\g  (Table  9-5). 
During  World  War  n,  some  of  the  high^  TNT  dust 


levels  occurred  during  screening  opecafions  (passing 
TNT  flakes  through  a  sieve),  where  concentrations  up 
to  75  mg/m^  were  ttteasured  in  breathing  zones.” 
Woricers  can  alsobe  exposed  toTNT  fumes  and  vapors 
during  demilitarization  (removing  TNT  from  shells), 
when  muidtions  may  be  steam  deaned  to  mdt  and 
remove  the  high-explosive  diaige. 

Hunums  can  also  be  exposed  to  TNT  that  has  con- 
tamiiuted  the  environment.  Sigiuficant  amounts  of 
TNT  aitd  its  manufacturing  byproducts  have  been 
rdeased  into  the  enviroimtent  as  huge  volurttes  of 
liquid  wastes  from  factories  and  LAP  plarrts.  These 
liquid  wastes  (the  red  or  pink  water)  contain  TNT  iso- 
irrers,  DNT  isomers,  and  rrwnonitrotohieires.  Due  to 
the  difficulty  and  expense  of  disposing  of  thb  waste, 
the  United  States  currently  relie  on  imported  and 
stockpiled  TNT.  Two  options  may  be  for  paper  mills 
to  use  the  red  water  as  a  process  chettdcal  in  the 
manufacture  of  kraft  products,  or  to  concentrate  and 
incinerate  the  effluent  to  yield  crude  sodium  sulfate.” 

Hvmmi  Exposure  ond  Heedth  Effects 

TNTs  toxicity  to  htmnans  hasbeen  lecogrtized  fc«r  at 
least  75  years.  Most  of  our  knowledge  results  directly 
from  work  performed  during  the  two  world  wars.  In 
the  United  States  from  1914  to  1918,  approximately 
24/100  peoi^  were  poisoned  with  TNT,  fotally  in  580 
inslatKes.  Simibrexperiencesvreredesciibedinother 
combatant  nations.  lnCreatBrrtainfrom1916through 
1941, 475  cases  of  TNT  pnsoning  were  repmted,  of 
whidi  125  were  fatal”  In  the  United  States  during 
World  Warn,  TNT  poborting  was  a  factor  at  manufac¬ 
turing  and  loading  ]^nts  a^  arsenals,  although  the 
case  rates  at  arseiab  and  manufacturing  plants  were 
less  than  one-half  that  at  loading  plants.  Of  the  21 
deaths  that  occurred,  18  rvere  at  losing  plants,  2  at 
arsenals,  and  I  at  a  TNT-manufacturing  facility.^ 
Progressively  more  people  were  exposed  to  more 
diemkal  as  the  war  continued,  3ret  the  moit^ity  was 
muchlower.  Case  rates  for  aQ  locations  fell  draouti- 
cally  despite  the  marked  increase  in  TNT  production, 
thus  demonstrating  the  efliectivettess  of  occupatiotui 
health  interventions. 

Researchers  analyzed  the21  TNTfatalitiesof  World 
War  n,  together  with  another  late  death  of  a  former 
TNT worker.  (Xthisseries,8diedoftoxichepatitisand 
13  of  aplastic  anemia.  The  late  death  ocanred  in  a 
ivorker  ^K>  apparently  had  recovered  from  hepatitis 
but  later  succumbed  to  aplastic  anemia.  Only  one- 
third  of  these  fatal.^Ies  had  been  exposed  to  average 
airborne  conoentratkms  higher  than  the  maximum 
allowable  concentration  of  13  mg/rtP  that  prevailed 
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Totufnt 


Hg.  M4.  The  trinitratkin  d  totuene  (a)  dMmkiJ  tyirthob  (b)  bKhtttiial  (ciKk«ed}  jpnxm  atnain.  In  the  mamtiKt^ 
d  T^^’,  tdoem  fint  leactcd  widt  nitrk  acU  lo  fbnn  monoeitTOtelaem  (Mhn^,  wlach  ia  dwn  poaiped  to  anotiicr  area, 
«diere  ft  it  teaclcd  with  nitrfc  add  (under  differaitt  icactkxi  condittom)  to  fcm  dinitiQtolr.cne  (DNT).  The  DNT  ia  Itai 
pumped  to  yet  anotiwr  area  where  ftk  waded  wfth  oleum  (a  sotudoa  of  iclfurtitoaddediaaohtd  )»■ 
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inanhydnwssuIfurkackl)tc■(dmcnldeT^^'.TheaudeT^^‘thcnundcqp)Csa^a{aofwashestoRln9vearudelinte•cted 
tohieiK,  MNT,  and  IXMT.  Reprinted  from  US  Anny  EnvinxunenttI  Hygiene  Agency.  Water  PcHuHoh  Aspects  of  E^lesm 
Manufseturing.  Abeideen  Ground,  Md:  USAEHA;  1965.  USAQIA  Tcdmkal  Guide  140;  (a)  p  16,  (b)  pp  2S.  30. 
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TABLE  9>5 

HEALTH  HAZARDS  OF  EXPLOSIVE  OPERATIONS 


Nctafc  of  EiqpoMM 

0^  EsipoMfo 

ReaMBOKMied  OMtrol  Messwes 

Screening 

TNT  dust 

Severe 

Endosed  opcratioQs;  local  exhaust 
ventilatkm 

Mdting 

TNT  dust  fume,  and  vapor 

Shght 

Local  exhaust  ventilation 

Drawoff 

TNT  fume  and  vapor 

Moderate 

Local  exhaust  and  room  ventilation 

TNT cooling 

TNT  fume  and  vi^ 

Slight  to  severe 

Automated  operations;  local  exhaust 
and  room  ventilation 

Pourii^ 

TNT  dust  fume,  and  vapor 

Sligkt  to  moderate 

Room  ventilation,  careful  tvork  peaetkes, 
worker  rotation 

Bomb  filling 

TNT  fume  and  vapor 

Slight  to  severe 

Local  exhaust  and  room  vcniilatkxi,  careful 
work  practice 

Bonib  puddling, 
nose,  and  tail 
penning 

INF  dust  fione,  and  vapor 

Sl%ht  to  severe 

Room  ventilation,  careful  work  practices, 
worker  rotation 

Adding  TNTT 
scrap 

TNT  dust  fume,  and  vapor 

Moderate  to  severe 

Room  ventilation,  carefiJ  work  practices, 
^aves,  worker  rotation 

Booster  cavity 
drilling 

TNT  dust 

Sligkt  to  severe 

Eliminatian  of  deep  drilling,  local  CJdiaust 
ventilation 

Riser  knodiaff 

TNTdust 

Sti)^  to  moderate 

Well-designed  risers,  local  exhaust 
ventilation,  careful  work  practice 

Riser  breakout 

TNT  dust 

Moderate  to  severe 

Endosed  operations,  kxal  exhaust 
ventilation 

TNT scrap 
breakup 

TNTdust 

Moderate  to  severe 

Endosed  operations,  local  exhaust 
ventilation 

(Taking  and 
graining 

TNT  fume  and  dust 

Sligkt  to  moderate 

&)closed  operations,  local  exhaust 
vcntilaticn 

Boxfiilit^ 

TNTdust 

Sb^io  severe 

Endosed  operations,  local  exhaet 
ventilation 

(1 )  BixkCR  VViboi:  SE.  yWcrnr  MA  cf SHlKta4  07^.  JWX).  AbcHccn  Pravit^  CitMaA  Md:  USAEKA 

*0>xupttio»uJ5hi<ty32-<)<9-75/76^CL>Bt««>dtAD.Eiigia««riiigooB^of^CTBtoa»ii>i<ioiiofa>ewot<d»gri<iwiii»icnt.li»:C»fafcTWM, 


then,  which  reflects  die  contribution  of  demul  ab-  sensitive  subgroup  of  individuals  is  at  risk  for  thb 
scKptkm.  WoHxrs  who  died  of  toxic  hepatitis  were  efi^ 

youi^erdiantho6e«vhodiedofaplasticaneinia(their  Another  Worid  War  D-en  study  evahiated  the 
median  ages  were  3S  and  45  yean,  lespecthrdy).  In  effoctsofTNTintoxicationin2SOinaleaiidl{13fontaIe 
both  conditions,  the  median  period  of  exposure  was  wocfceninabochb>andshdMoading£*cility.’'Nccases 
quite  short  63  days  for  hepatitis,  and  216  day »  for  of  severe  TNT  intoxication  were  seen;  however,  ad> 

anemia.*  verse  effects  of  TNTe>yoauie  were  found  in  32  work- 

Other  cohort  studies  of  TNT  svofkers  have  shown  ers  OQ  of  whom  were  males),  of  ivhom  21  had  eidier 

that  vntuaHy  an  cases  of  toxic  hepatitis  have  occur-  gastritisorhepatitis;14hadanemia;and3hadqralemic 
red  svithui  the  first  3  nnonths  of  exposure,  while  manifestations  of  intoxkatiort^ 

cross-sectional  studies  have  not  shorn  s^nificant  TaxkoUmtk*.  TNT  is  readily  absorbed  by  aU 
signs  of  hepatotoxicity.’*  This  may  indicate  that  a  routes  of  exposure.  Approximat^60%to7D%  of  oral 
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doses  an  absotbed;  inhaled  TNT  appean  to  be  not 
only  absorbed  (Kter  than  oral  doses  it  also  naches 

fai^ierconcentrattonsintheblood.  Dennalabsorption 
islesseffident,butitssignificanceinustnotbeunder- 
esdinated.  TNT  dissolved  in  water  is  particularly  vvdl 
absorbed  dirough  the  dennis.  As  rni^t  be  expected, 
diiseffiectbgteater  in  hot  weadierdue  to  die  combined 
effects  of  greater  skin  eiqiosun  and  the  dissohition  of 
TNT  dust  in  sweat  Workers' coincident  exposun  to 
hygroscopic  dtemicals  such  as  ammonium  nitrate 
fiirdier  promotes  dermal  absorption  by  keepii^  the 
sldnmoist'  Ginsequentty,  measuring  only  airborne 
lev.^  rray  signiBcandy  imderesfe^ 
total  i^steinic  exposure.^ 

TNT  is  metabolaged  primarily  by  a  two-step  pro¬ 
cess:  die  reduction  of  the  nitro  group  and  its  conjuga- 
don  to  ghicuronide  Some  enterohepadc  recycling 
oocnn,  but  urinary  dearanoe  of  die  glucuTonides  oc¬ 
curs  fiirlyrapkQy,preveiitingbioacatinulation.  The 
urine  of  famnans  who  have  been  exposed  to  (and  of 
most  experimental  ardmak  that  havebeen  giverOTNT 
becomes  dfacoloeedwidi  a  red  metabolite. 

Dermatitis  and  systemic  effects  do  not  corrdate 
wdL**  Hematologicai  effects  appear  to  occur  at  lower 
doses  than  hepatic  effects,  but  susceptible  individuals 
win  devdophepatotoxicity  sooner  after  initiation  of 
exposure. 

Aemte^fects.  AcuteexposuretoairbomeTNTcan 
cause  irritation  of  the  upperreyiratocytractand  skin; 
symptoms  include  sneezing,  cougjting,  rhinitis,  and 
eryAematous  dermatitis.  The  onset  of  acute  systemic 
toacityisfrequendy  heralded  lygastrointesUnalymp- 
toms  such  as  rausea,  anorexia,  and  ep^astric  pain.’* 
Systemic  symptoms  may  progress  to  indude  head- 
adie,  fatigue;  malaise,  palpitations.  loss  of  memory, 
and  cyanosis.* 

OimdcEffects.  Themostseriousdironicmanifes- 
tatkms  of  T^  toxicity  are  (a)  anemia  and  other 
hematological  changes  and  <h)  hepatitis;  the  dironic 
edects  may  also  indude  (c)  dennadds,  GO  ocular  ef¬ 
fects,  (e)  neurological  efiiects,  and  ^  cancer. 

Hematological  effects  result  from  dieaction  of  TNT 
on  bodi  the  bone  marrow  and  mature  erythrocytes. 
Aldwugh  virtually  every  cdl  aeris  in  the  marrow  is 
affected,  die  moat  significant  hematoio^cal  effects 
occur  in  die  erydnocytic  series,  and  may  result  in 
anemia  with  both  apla^  and  hemolytic  oomponents. 
TNT  depresaes  erythropoiesb  and  induces  apiaitk; 
anemia  by  suppressing  two  enzymes  diat  catalyze 
heme  syndiesis:  5^amir»^ailinicadd  synthase  (ALA 
qrnduae;  see  Chapter  12,  Lead)  and  h^  syr^iase. 
This  suppression  has  been  derrKmstrated  even  in  the 
dinical  absence  of  anemia.  Someoompensadonirith 
Rdculocytosb  may  oomr,  and  marrow  hyperplasia 


has  been  noted  as  an  early  effect,' but  this  is  fcdlowed 
1^  marrow  hypojdasia  arid  the  compensation  effect  is 
lost 

Hemolysis  in  TNT  toxidty  occurs  as  a  result  of 
methemoglobineinia.  This  is  a  dose-rdated  eff^ 
with  low-grade  anemia  and  compensatory  retku- 
locytosis  rioted  at  airborne  TNT  concentrations  lower 
than03rr^/m3.  ExpoarresofOJtoOJmg/m^appear 
to  have  minimal  a^  well-compensat^  effe^  on 
erydoDcytes.  PoQdlocytosis  may  occur,  as  wdl  as 
h^dc  and  qilenic  coiigestion  r^ted  to  hemolysis. 
Eariysignsand^mptomsoffetalanemia— eveninthe 
absence  of  G6PD  deficiency— 4nclude  weakness, 
anoiexia,wei^k»s,cou^epistaxis,devatedbiiiru- 
bin,  decreased  hemoglobin,  and  decreased  leukocyte 
counts.  Survival  in  the  case  reports  of  fatal  anemia 
varied  from  6  to  185  days,  but  the  median  was  only  40 
days.'  HemolyticcrisashasbeensecninG6FDdefi- 
dency  within  the  first  few  days  after  exposure. 

()ther  heirurtokigical  effects  inchide  both  leukocy¬ 
tosis  and  leukopenia.  Transitory  leukocytosis  and 
moderate  eosmofrftilia  have  been  descriM  at  air¬ 
borne  leveb  lower  dian  23  rt^m^.  Leukopeniade- 
vdopslatevwdlafterlhehemoglobinlevelandeiyth- 
rocytecouritfalL  in  contrast  toother  chemicatlyiiiduoed 
aplastic  anemias.  Exposure  to  TNT  causes  the  mono- 
c^  count "  Increase,  regardless  of  the  presence  of 
symptoms,  and  neidwr  the  extent  of  derral  contact 
nor  die  length  of  inhalational  exposure  influences  the 
intensity  of  thehematolpgical  response.* 

TNT  poisoning  can  induce  b^  massive  hepatic 
necrosis  and  arrhasis.  Aswidimosthepatotoxica^ents, 
the  hepatitis  manifests  with  increases  in  the  concentra- 
dons^  serum  transaminases  and  lactate  dehydroge¬ 
nase  (LDH).  Researcheis  found  no  liver  function 
almonnalrtiesatatime-weightedavefaq^  (TWA)  lower 
dun  05  mg/tri^,  but  they  found  elewated  ar^furtate 
aminotnnsferase(AST)andLDHatairboineoonoen- 
trationsof05ing/m3,whkhpersistedevenat0.6mg/ 
EarlyqtroptomsofT^-induoedhepatitisin- 
chide  ruusca,  vomiting,  malaise,  and  hepatic  tender¬ 
ness.  Jaundice,  ahhou^  a  late  symp^  of  TNT 
hepatitis,  devdops  rapi^  as  die  Uw  atrophies  and 
has  a  poor  prognosis.  In  a  study  of  TNT-induced 
hepatitis  fitalida  from  World  War  0,  the  avenge 
dapsed  time  from  the  first  definite  symptom  to  de^ 
was  34  days,  vdth  a  range  of  12  to  53  days.' 

Denrufids  is  die  most  common  chronic  effect  of 
exposure toTNT.  Ydkrw-onngestairdngofdieskin, 
hair,  and  rufls  is  a  common  sign,  and  irritant  contact 
dernudds  may  occur.  Dermiditis  requires  at  least  5 
days  of  exposure  to  devdoa  and  most  patfents  be¬ 
come  toie^  to  mUd  cases)"’  Rilmar  lesions  widi 
deep  vesides  ate  duracleristk.  Allergic  contact  dcr- 
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matitis  with  dassk  eczematous  lesions  has  been  re¬ 
ported,  and  may  rarely  appear  as  an  erythema- 
multifonne-iike  eruptkm.  The  sensitization  dermati¬ 
tis  usually  afiects  the  upper  limb,  but  the  skin  at 
hrictkm  points  sudi  as  the  collar  line,  belt  line,  and 
ankles  may  also  be  invotved.*^  Workers  exposed  to 
high  levels  of  TNT  dust  are  especially  at  risk  for 
dermatitis,  although  it  may  occur  in  K'orkers  through¬ 
out  the  manufacturii^  process. 

According  to  several  studies  performed  in  eastern 
Europe,exposuretoTNThas  also  been  associated  with 
cataracts,  but  at  undefined  levels  of  exposure.  TNT 
workers  in  Rnland  have  developed  equatorial  cata¬ 
racts  at  concentrations  of  airborne  TNT  of  0.14  to  05 
mg/m^.  These  duracteristic  cataracts  are  insidious 
in  their  devriopment  and  are  present  ottly  at  the 
lens  periphery;  consequently,  they  do  not  affect 
viskm.  They  may  itot  be  rroted  on  a  routine  ophthal- 
mologica]  examirution,  although  they  are  ea^  ob¬ 
served  when  the  affected  eyes  are  dilated  and 
examined  with  a  slitlamp.**  Most  affected  subjects  in 
foe  eastem-Eurr^iean  stoics  had  normal  liver-func¬ 
tion  tests.  These  subjects' duration  of  exposure  toTNT 
was  12  to  17X>  years,  with  a  mean  of  trearly  7  years. 
Older  workers  were  more  commonly  affected,  and  foe 
lens  changes  appear  to  be  ineversiUe.  Cataractfbr- 
mation  may  result  focun  direct  action  of  TNT  on  foe 
lens  via  lipid  peroxidation  and  production  of  superox- 
ide  anions.** 

Researdt  into  whether  neurological  signs  devdop 
from  TNT  exposure  has  yidded  controversial  results. 
European  accounb  of  TNT  exposure  report  neuras¬ 
thenia  and  polyneurit^*  WhilesomeaccountsofTNT 
exposure  in  foe  United  States  support  these  condi¬ 
tions,  at  least  one  investigator  his  conduded  foat 
symplomsofperipheralneuritisamong  workers  were 
not  soldy  due  to  TNT  exposure.**  This  study  found 
that,  whm  present,  symptoms  were  limited  to  mild 
sensory  dbturbaiKes,  wifo  no  objective  evidence  of 
the  disease. 

TNT  has  been  imi^kated  in  cardnogenesb  in  stud¬ 
ies  done  with  laboratory  animals,  but  tte  has  not  been 
noted  in  human  epidemioiogical  studies.  The  lesulb 
of  feeding  studies  performed  on  rodents  have  shown 
increased  incidence  of  bladder  papilloma  and  card- 
noma,  and  statntkaUyinsignihcant  increases  in  leuk' 
miaand  fymphotna.  TNTxn^tbegenotoxic,asit 
given  positive  results  in  foe  Ames  assay  both  wifo  aiK. 
without  metabolic  activatiotL’*  (The  .Ames  assay,  a 
basic  toxicologica]  tool  is  an  in  vitro  test  for  mutage¬ 
nicity.  It  measurestheoccunence  of  reverse  mutagen- 
esis  in  genetically  modified  Salmonelk  h/pidmurium 
strains.  Seea]soCluplcr14,Pestickles.) 


Numerous  other  manifestations  that  have  been  at¬ 
tributed  to  exposure  to  TNT  indude  myalgia,  cardiac 
dysthythmia,nephritis,increasedvasadar  permeabil¬ 
ity,  cardiotoxidty,  pancreatic  exocrine  abtiormalities, 
increased  capilla^  fragility,  menstrual  disorders,  and 
testicular  atrc^y  and  hyperplasia.*’* 

Primmy  PreventioH  mid  Medical  SmveilUmce 

Historically,  control  of  exposure  to  TNT  has  been 
accomplished  through  foe  general  safety  and  hygiene 
measures  discussed  earlier  in  fois  chapter,  yet  addi¬ 
tional,  ^redficmeasures  are  necessary.  The  Hazard 
Communication  Program,  forexample,  should  instruct 
workers  about  the  need  for  strict  personal  and  shop 
hygiene,andabouttlKhazaidsoftte  particular  opera- 
tionsfoatareconductedin  foat  plant  lnaddition,soap 
foat  con  tains  5%  to  1 0%  potasshim  sulfite  tvin  not  only 
hdprcmoveTNTdust  from  the  skin,  suds  foat  turn  red 
wriQ  also  indicate  any  remaiiiiiigooittamiiuition.  Fur- 
foer-itMxe^  le^riratoiy  protective  equipment  should 
be  selected  according  to  NtO^  gukbmce,  and  should 
be  worn  during  operations  foatrdeasedust,  vapor,or 
fuxneii. 

Before  World  War  0,  research  suggested  that  im¬ 
proving  foe  nutritkmal  status  of  TNT  workers  might 
hdp  improve  foeir  resistance  to  toxic  effects.  How- 
cver.ina  World  War  n-eta  cohort  study.multivitamin 
capsules  were  not  shown  to  be  efficaci^  in  prevent¬ 
ing  TNT  toxicity.** 

Because  TNT  interacts  wifo  certain  medkatkms^ 
inchiding  those  foat  cause  intrahepatic  chtrfestasis, 
hepatocdu]arneao6b,airdboneitwuTowdepressk)ft— 
patients  taking  medications  such  as  isoniazid, 
halofoaite,  phen^butazotte,  phenytoirv  and  mcfoo 
trexate,arrd  whose  exposures  to  TNT  caimot  be  pte- 
duded,shouldbedos^  followed  by  foeoccupatfonal 
phy^dan. 

TheU5.AnnycuiTentlyreooitunendspteplacetttent 
and  periodic  (semiannual)  examiiutioits  of  TNT 
workm  TheiecocnincrKfedcontentoffoepteplace- 
nwntexaiitinationitfouirdinTab1e9-6.  Theoccupa- 
tiotul  physician  should  determine  on  a  case-by-case 
basis  whidi  of  the  elements  in  Table  9-6  to  use  in 
periodic  surveillance.  However,  to  identify  workers 
with  higher-foatvnormal  sensitivity  to  TNT  toxidty, 
are  recommend  specifically  foat  workers  undergo 
monthly  hetrw^obitv  LDH,  aitd  AST  determinations 
during  foe  first  3  months  of  exposure  to  TTMT.**  One 
study— whidr  was  dted  both  in  foe  open  and  in  U5. 
Anny  literatures— dcmonstiatedfoatassayingfor AST, 
LX7H,  and  hemoglobin  in  combination  detected  aQ 
ifononxul  cases,  whereas  if  foe  assays  were  petfonrted 
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TABLE  94 

PREPLACEMENT  EXAMINATION  FOR 
TNT  WORKERS 


Eaqthasb 

Medical  History 

Alcohol  use 

Tobacco  use 

Allergies 

Ordiovascukr  system 

Stdn 

EENT 

Hematologic  system 
liver  dise^ 

Nervous  system 

Respiratory  system 

Reiui  System 

Medications 

Oocupationat  History 

Physical  Examination 

Prior  TNT  sensitivity 

Prior  exposures  to  hi^totoxins 
AQetgies 

Cardiovascular  system 

SWn 

EENT,  including  slttlanq) 
examination  of  eyes 
liver 

Nervous  system 

Mental  status 

Tests 

CBC  vrith  differential  and 
reticulocytes 

Mcthemoglobin 

Renal  function 
liver  function 

Microscopic  urinalysis 

Addled  with  pcnntMion  from  Hogttedt  C  OtvUbson  B.  Nitto^ 
C(dMidi>iUogl^i«titw«»[powrtfa«dyw»miieindu»liyl95»-l>7>. 
Am  Mhs(  f^  Asmc/.  19K!;41i373-375. 


aloneorinpoirSfOany  cases  were  missed.*^  Periodtc 
exaininations  provide  inadequate  warrimgof  impeiKi' 
ing  aplastk  anemia.*'  Wocfcers  who  have  abnormal 
rBuhs  should  be  removed  from  exposure  and  evalu¬ 
ated  further.**** 

Bioassay  for  TNT  exposure  began  during  World 
WarOwithdteuseofWebster'stestforuriiuttyTNT.** 
This  qualitative  test  was  based  on  the  reaction  of 
alcohdk  potassium  hydroxide  widi  an  ether  extract  of 
acidified  urine,  wherein  colors  are  produced  when 
TNT  and  other  metapolynitro  compoimds  are  presertt 
in  unne.’*  <Anthraquinones  and  indole  red  may  cause 
interference,  however.**)  Incomparisontodrequalita- 
tive  Webster's  test,  a  quantitative  test  for  urinary 


aminodinitrotoluene  (AIWT),  a  metabolite,  can  be 
related  toTNTab5orptionwithin24hours  of  exposure. 
The  urinary  ADNT  is  measured  via  gas  dtfomatogra- 
phy  with  eledron-capture  detectkm.'*  Most  indi¬ 
viduals  excrete  their  highest  concentratiotts  of  ADNT 
within  a  few  hours  aft«  exposure,  but  some  still  ex¬ 
crete  significant  anKMmts  many  hours  later.  Thispro- 
kmged  exdetkm  time  may  indicate  that  TNT  or  a 
mefobolite  has  been  retained,  or  may  perhaps  irklicate 
ddayed  skin  absOTption.  Prolong^  demial  absorp¬ 
tion  hasbeenmdkated  inagroupof  explosives  workers 
whose  urinary  concentratiotrs  of  ADNT  indiaited 
higher  total  exposures  than  were  predicted  from  the 
coTKentrations  in  ambient  air.’*'’ 

DinHroloItiCBe 


iW)NT 

In  1960,  nearty  8%  of  the  total  toluene  produced  in 
the  United  States  was  converted  to  dinitrotoluene 
(DND,  whid)  is  widely  used  in  military  applications 
andindvilianapplicationssudiasdyemanufiKturing 
artdmganicchoiricalsytrthesis.  Of  the  DNT  produced 
currently,  99%  is  used  in  the  syirthesis  of  toluetre 
diamine,  an  intermediate  in  the  production  of 
toluettediisocyar»te.  IWr  nuy  also  comprise  up 
to  10%  of  commercial  dynamite  formulations.  Mili¬ 
tary  uses  of  DNT  are  surubrly  broad,  where  it  is 
usually  used  a.*  an  additive  to  modify  the  properties 
of  oth^  explosives.  For  example,  DNT  n»y  function 
as  a  combvstion  modifier  in  propellants,  as  a  gdatin- 
izer  in  explosives,  or  as  a  waterproofing  agent  in 
explosives.* 

MamiftKtMrumd  Exposure  Hmz/ad 

Due  to  the  serious  safety  and  healdt  hazards  inher¬ 
ent  in  the  manufacture  of  DNT  (it  is  regulated  as  a 
carcinogen  and  is  even  more  hazardous  than  TNT), 
current  practices  for  technical-grade  DNT  use  contfaui- 
ous,  closed  systerrrs  that  are  highly  automated  and 
remotdyoonfroUed.  Tcdudcal-gradeDNTisagieasy 
liquid  comprised  of  approxirtutdy  80%  2,4-DNT  artd 
29%  24‘Dt^,btttm0itary-grade  DNT requires  hif^ 
purified  2,4-DNT  flakes.  Significantoccupationalex- 
posuie  is  possible  durir^  die  purification  and  flaking 
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processes,  as  wdl  as  during  the  later  mbdi^  and  sheU- 
loadingoperatkms.  Because  DNTisalso present  in  the 
waste  water  of  TNT  manuhKtuiing  and  shdl-Ioading 
plants,  significant  environmental  contaminatioa.  and 
thus  exposure,  can  also  occur. 

HmmemlxpostmemdHeaiikEffects 

DNT  is  readily  absoihed  via  all  routes  of  exposure, 
but  absorption  through  die  dermis  is  probably  die 
mostsigniifkanL  In  rats,  both  the  2,4*  and  2,6' isomers 
are  extensivdy  metabolized  by  the  liver  and  dwn 
exaeted  in  b^'^  Intestinal  nitro-reductase-acdve 
bacteria  further  metabrdize  the  product,  which  is 
resorbed  and  remetabcdized  to  an  as-yet-rniidend* 
fied— but  genotoxic— product”  The  excretion  of  2.4* 
EX4T  mefa^bolites  in  humans  is  quahtativdy  shnQar  to 
that  in  rats;  hotvever,  humans  do  not  excrete  the  re¬ 
duced  metabdite  of  2,6>DNT.  Thbqualitativedifier* 
etioe  in  riietabolism  inakes  intermecies  extrapolation 
of  the  carcinogenic  risks  difficult”” 

AarttlEfftct*.  The  most  diaracteristicsign  of  acute 
DNT  toxidty  b  methemoglobinemia.  Assodsted 
synqitoms  itidude  lieadache,  &t^ue,  cyanosb,  irrita¬ 
bility,  and  nausea.  Moderate  exposures  may  cause 
ata)^  respiratory  depression,  and  arthra%ias,sriiile 
severe  exposure  m»  lead  to  progressivr  CNS  de¬ 
pression  a^  death.®* 

ChromeEffuta.  Anemia  and  ischemic  heart  disease 
are  the  most  commonly  recognized  chronic  (tf 
exposure  to  I^IT.”  The  anemia  occurs  when  etyduD- 
cytes  fiut  contain  mediemoglobin  hemolyze,  and  b 
topically  low-grade  and  partially  compensated.”  In- 
orsued  mortality  from  bdiemicheartdbeasehasbeen 
seen  in  mimitions  workers  who  were  exposed  to  E)NT 
during  thc194Qsaiid  1950s.””  Unfortunatefy.thelack 
of  adequate  exposure  data  predudes  our  ability  to 
make  dose-re^XNise  estimates  for  tiiese  efiects. 

Concerns  about  the  carcinogenicity  of  IX4T  have 
been  expressed  for  several  years,  and  have  recently 
focused  on  inoompletdy  burned  DNT  in  propellant 
residue  at  waste  pix^pdlant  di^xtsal  sites.  Anyone 
exposedbatrbkforcarcinogenesb,indudii^wori(* 
ets  at  the  diqiosal  rites,  and  an  who  are  environmen¬ 
tally  exposed  via  dust,  groundwater,  or  direct  contact 
witii  contaminated  soQ.  DNT  isomers  exhibited  only 
weak  mutagenic  activity  in  the  Ames  assay”  and  no 
activity  in  various  rnarmnalian  cdl  culture  getiotoxic- 
ityassays.  However.feedingstudksintatsusingboth 
technkal-grade  n4T  and  2,6-DNT  showed  a  high 
incidence  of  hepatoodhilar  catdnomas  produced  by 
2,6-IX4T,  with  a  lower  ifxidenoe  in  femaies  compared 
tomaks.  Enterohepatk  recirculation  with  hepaticand 


intestiiirinfiicrofloralrnelabcdismareiiecessaryforthe 
production  of  anas-yet-unidentified  ulttmatecardno- 
gen.  Three  ina)ormaminaIiancarciiiogenidty  studies 
have  indicated  tiiat  2,6-DNT  b  both  an  initiator  and  a 
promoter,  while  2A-DNT  b  onty  a  promoter.””  Evi¬ 
dence  of  carrinogenkaty  in  humans  b  lacking,  how¬ 
ever.  Two  occupatioial-cohott  studies  have  been 
oooqdetedonworicerscxposedtolX^T.  Neitiierstudy 
showed  any  excessive  inddence  of  cancer,  but  bodi 
demonstrated  elevated  cardiovascular  and  cerebro- 
vasmlar  mortality.”” 

Ddeteriouseff^on  dieieproducttvesystemshave 
been  reported  in  rab  that  were  given  large  doses  of 
DNT (>345mg/kg/d),butsudheflecb  were  not  seen 
in  a  NIOSH  stwiy  of  workers  at  a  DNT-tohienedia- 
mine  fIDA)  {dai^”  Testicular  atrof^y,  decreased 
^lennatogen^,  and  nonfunctioning  ovaries  have 
been  seen  in  tab,  mice,  and  dogs  in  feeding  studies 
petfonned  to  assess  dironic  exposures.  Resuhs  of 
multigenerational  reproductive  studies  in  animab 
have  been  negative.  Only  one  of  tiuee  epidemiolog¬ 
ical  studies  has  shown  effecb  on  the  human  repro¬ 
ductive  system,  and  tiiose  were  hmitcd  to  decreased 
sperm  oounb,  minor  Diorphologk  changes  in  ^lenn. 
and  a  small  tocrease  in  spCMitaiieousabortioiisainoiig 
wives  of  exposed  tvDikers.””  Studies  done  on  ani- 
mab  and  humans  have  faQed  to  identify  teratogenic 
effects. 

Other  dironic  efiecb  noted  in  studies  on  animab 
indude  neurotoxidfy  and  hepatotoxidfy,  witii  histo¬ 
logical  changes  in  both  organs  noted  at  autopsy.  Sen¬ 
sitization  domatitb  may  abo  occur,  but  not  as  fre¬ 
quently  as  with  exposure  to  TNT.  Friction  sites  are 
frequotiy  atiriled  by  DNT  dentutitb. 

PrmemiPnvemtumemdMeeUcedStiTVeithmce 

As  with  an  potential  carcinogens,  prevention  of 
exposure  bessoitial  with  tWT.  Wotkmndio  could 
potentially  be  exposed  to  I^fT  should  be  infoRned  of 
the  deleterious  health  effects,  including  the  possiUe 
reproductive  system  effects.  In  addition  to  the  safety 
ai^  hygiene  measures  previously  inentioned,occupa' 
tional  health  personnd  should  monttor  for  leskiual 
buildup  of  I^*jTondotiiing,  boot  linings,  and  hardhat 
liniers.  Respiratory  protection  bttsualfy  unnecessary, 
because  Dl^  has  Iw  vapor  pressure. 

Medical  surveillance  should  consist  of  tire  same 
protocol»thatfor1Nr,witiitheadditionofatepn>- 
ductivehgfory.and  the  rneasuieinent  of  urinary  G^. 
Thepreplacetnnti  evaluation  should  indudeabtsdine 
sperm  count  and  morphology  assessment  for  workers 
intend  to  have  diOdreit  Semen  analysb  should 
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iK)t  be  neoessaiy  during  routine  perkxlk  inedkal  sur¬ 
veillance  of  exposed  woricm. 

Picfk  Add  and  Amnoahin  Pktate 


Picric  Add  Ammonium  Ptoale 


Picric  add  was  first  prepared  in  1771  fiiruseasa 
ydlow  dye,  and  in  1885  tlw  Prendi  first  utiHzod  its 
eiqploahreduuracteristksasabttrstiiigchergeforsbdis. 
However,  tbe  introduction  of  TNT  duri^  die  20th 
century  edipaert  fMCiic  acid's  use  as  a  explosive 

For  inilitaiy  purposes,  aooie  of  picrk  ac^'s  dhemkal 
diaracteiistks  are  disadvarda^eous:  its  bi^  meh* 
ing  point,  vdiidi  makes  picric  add  more  difficult  to 
shape  into  bombs  and  pfOyectUes,  and  its  tendency  to 
form  sensitive  salts  materials  such  a^  cakhon, 
leadLarieandodierraGtals.’*  SenstdvesatesareHkdy 
to  explode  widi  small  shocks  or  bumps,  and  die  rate 
and  extent  of  these  salts' fonnadon  is  unpredktaUe 

The  militaiy  currently  uses  picric  add  only  asaraw 
ingredient  for  ammonium  ptote  whidi,  due  to  its 
insensitivity  toimpact,  is  us^insomearmor-pieiring 
shdls.  The  civilian  sector  fonne^  used  picric  acid  in 
buinointinents?^currendyus»itfophannaceufr 
cal  manufocture;,  leather  taming,  dyes,  copper  and 
sted  etdiing,  forensic  dsadstry,  and  (^wta^phic 
emubkms. 

Systenk  efiects  from  inhaling  or  ii^gesting  (^cric 
acid  and  aounonhim  picrate  are  rare;  the  main  health 
effects  that  workers  experience  after  exposure  have 
beendennatofogicaL  Exposure  to  dust  or  fumes  may 
cause  skin  and  eye  irritation,  allet;^  dermadds,  and 
ydlow  staining  of  die  skin  and  hair.  Fkric  add  does 
not  appear  to  penetrate  intact  skin,  and  dennal  expo- 
sure  probably  oonhibutes  little  to  systemic  absorp^ 
and  toxicity.  In  contrast,  inhaled  and  ingested  {dcric 
add  is  wd!  absorbed,  and  in  rare  <ases  can  cause 
headachy  vertigo,  foss  of  consdousness,  ir^algias, 
luusea,  vomiting,  gastroenteritis,  hemorrhagic 
nephritis,  and  acute  hepatids.  Evahiationofimitage- 
ni^  has  yidded  mu^  results  in  prokaryotic  and 
eukaryotic  tests.^ 


PrmumfPrevetOUmmidhMkMlSweiUmKe 

Prefdacement  examinations  should  be  conducted 
aoconlingtothe  information  contained  inTaUeS*'?.***' 
Once  again,  tbe  contents  of  die  periodic  joindated 
examination  should  be  determined  the  occupa¬ 
tional  physician  on  a  case-by-case  basis. 

Oduer  Nitioarcwiatics 

Several  other  idtroaromaiks  have  tmique  proper¬ 
ties  that  allow  diem  to  be  used  by  the  military  in 
spedalizedbutlimited  ways.  Thepowerfulexidosives 
13diamino'2,4,6-trinHrobenzene  (known  asDATBor 
D.ATNB)  and  133*tria]nino-2,4,6-trirutrbbcrizene 
(TATB)  are  used  in  plastic  eiqiloeihics.*  Hexanitroetfl- 
bene  (HNS>  is  a  derivative  of  TNT  diat  is  very  siaUe  at 
faigb  ten^wiatures.  bisusedinplasticboiidedeqilo- 
sives  and  detonatfon  fuzes,  and  is  being  invfil^ga ted  as 
a  rmdeadi^  agent  for  castTNT  and  the  TNT-RDX  ma¬ 
ture  that  is  known  as  composition  B.  Asanudeadh^ 
agent,  it  leduos  the  aystal  sia  in  TNT  casts  and  pre¬ 
vents  fonnaiioo  of  dangerous  fining  defects  when  die 
TNToonbradsand  cools?'  HNSisusedwith2,2VM‘ifiifi’ 
hexaMnittoaaobenzieneiHNABlindeloiiatiiigfo  Data 
regardhig  die  toxkity  of  dwse  eiqiloeives  are  virtually 
nonexistont.  allhot^  diqr  may  be  expected  to  show 
effects  sfanilar  to  the  other  nitroaromaticexploaves. 

TABU  9-7 

PXEPLACEMENT  EXAMINATION  FOR  nCUC 
ACID  AND  AMMONIUM  nCRATE  WORKERS* 


CoaqpoMcnt  G^^basis 


Medical  Ifistoty 

Asthma 

Allergies 

ScRsfozatkm  to  aannoiihtm  picrate 
and  picric  acid 

Sensitization  to  tatryl 

Exandnadon 

Kidneys 

liver 

Blood 

SUn 

Labotalny  Tests 

Cbeadcal  and  mknxnopic  urindyste 

LlrtinUIICDPIl  «9IS 

Xqwbiicd  franCoUm  forDiMaMCoiitaoLNttkMid 
*‘*f"*l‘****“itf  Sfiffty  tiid  HttllK  OfTvr^Wwul  Safrtr  wri  limlTfi 

Waildi^  DC  US  DffHS  and  IS  IXXj  isn.  DHm  (NIOm 
FuUk><iOR87-116. 
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THENITRAMINES 


The  nitramiites  are  the  most  recently  introduced 
class  of  of:guiic  nitrate  explosives  (Hgure  9-15).  The 
most  prominent  member  this  dass  is  RDX  (researdi 
liepartment  csplosive;  hexahydro-l^,S-trinitro-l^> 
triazine,whk^isal&oknowna5cyck>nite);HMX(Adgh- 
iNdtingezpIosive;octahydn>-1 3»57*tetranitro-l^A7- 
tetrazodne),  nitroguanidine,  and  tetryl  are  also 
significaiU  nitramines. 


Hexahydio-l^^triiiitro-l^^triaziiie 


NO, 

/V 


Odt  "Oi 

Hr 


Althou^  ROX  (see  Rgure9-15)  was  first  prepared 
in  1899,  its  exfdosive  properties  were  not  appreciated 
until  1920.  RDX  was  tatd  widely  during  World  War 
n  because  petroteum  was  ikX  needed  as  a  raw  ingredi¬ 
ent^  DuringandsinceWorid  Warn,RDXhasbecoine 
the  seooitd-most-widdy  used  high  explosive  in  the 
militaty,exceededonlybyTNT.  As  nvithmost  military 
explosives,  RDX  b  ni^  used  alone;  it  is  widely  used  as 
a  ocnqxment  of  toastie  exfdosives,  detonators,  hi^  ex¬ 
plosives  in  artillery  rounds,  CHaymote  mines,  and  derrro- 
litionkits.  RDX  has  limited  civilian  use  as  a  rat  poison. 

MmmtefactmnemitjcpotttreHazMri 

RDXismanufacturedusiitgdrecontinuousBachman 
process,  in  whidi  hexamirte  is  nitrated  widr  ammo¬ 
nium  nitrate  aitd  nitric  add  in  a  solvent  mixture  of 
acetic  add  aitd  acetic  anhydride.  The  byproducts  of 
RDX  manufacture  it)dude  nitrogen  oxide,  sulfur  ox¬ 
ides,  add  mists,  aird  uiueacted  ingredients  (Figure  9- 
16).  In1964,dunngmobilizationf6rdieVietittmWar, 
the  Holston  Army  Ammurdtion  Plant  alone  produced 
approximatdy  750X100  pounds  per  day  of  RDX  and 
HMXcombiJted.*' 

Soldiers  and  other  workers  have  been  exposed  to 
RDX  durir^  its  manufacture,  in  die  iidd,arkl  through 
the  contamination  of  die  envirorunent  The  main 
occupational  exposure  to  RDXduring  its  manufocture 
is  through  the  inhalation  of  fine  dost  particles.  Inges¬ 
tion  may  also  bea  possible  route  of  enxisore,  but  it  is 
poorly  absorbed  through  the  dermis.” 


The  greatest  potential  for  occupational  exposure  to 
RDX  occurs  at  anununition  plants  with  LAP  opera¬ 
tions,  where  workers  involved  with  melt-loading  and 
maintenanceopentions  have  thegreatestpotentia!  for 
exposures.”  During  Worid  War  H,  there  were  no 
btalides  and  little  morbidity  at  RDX  manufacturing 
(dants.  Smallnumbersofltalianand  Orman  workers, 
who  handled  powdered  RDX  in  the  drying,  cooling, 
screening,  and  paddng  processes,  were  reported  to 


ha  veexperienoed  RDX  toxidty,  but  all  recovered  com- 
l^etdy.** 


In  1962,  five  cases  of  convulsions  or  unconscious¬ 


ness  or  both  occurred  at  an  RDX  manu&cturing  plant 
in  the  United  States.  Infourofthesetnstanoes,e)qK>- 
sure  was  fiom  inhaled  dust  during  ejearmp  of  a  mixing 
area.  The  fifth  employee  screened  and  bkmded  dried 
RDX  from  diffbent  totdies;  gross  skin  and  air  con¬ 
tamination  occurred  because  no  medianical  ventila¬ 
tion  was  used  and  the  individual  did  not  follow 


handwashing  and  hygiene  precautions.  ADfiveem- 
ployees  had  convulsiim  during  their  woikshifb  or 
ivithin  a  fbv  hours  after  their  shifts  were  over.  These 
patients  exhibited  little  or  no  prodrome,  and  the 
postictal  phase  tasted  up  to  24  hours.  No  abnormal 
laboratory  or  {Ayskal  findings  were  noted.” 

Troops  have  also  become  intoxicated  durir^  Add 
qwrations  from  exposure  to  composition  C4  plastic 
explosive,  whidicontatns91%  RDX.  Thesefiddexpo- 
sures  occurred  because  C4  was  either  chewed  as  an 


intoxicant  or  used  asafudfbrcooldng.  Thus,theroute 
of  exposure  was  ingestion  or  inhalatioiL  At  least  40 
American  soldiers  experienced  convulsions  due  to 
RDX  ingestion  during  the  Vietnam  War.”* 

RDX  in  the  waste  water  from  manufacturing  and 
loading  operations  has  also  contaminated  theenviion- 
ment  Although  contamination  has  appeared  in  soil 
and  groundwater  near  some  ammunition  plants, 
RDX'slowsohibilHy  in  water  has  limited  its  migration 
in  most  cases. 


HtmumtxfoarmtmilUaitktffecH 

The  mainstay  of  treatment  for  RDX  exposure  is 
removal  from  exposure.  Pattentsi^arecxperienc- 
ing  seizure  acth^  should  be  given  i^icnobaibHaL 
Phmytoin  is  ineffective  in  controSing  RDX-induced 
seiziues.” 

TcaHeekimtka.  ClastrointcstinalabscRptionof  RDX 
in  humans  b  slow  but  com^toe;  serum  levds  peak 
approximalely  12  hours  after  ingestion.  Clearanoeof 
iU3Xftomthesentmoccutsinapptoxiinatefyl5hours. 
The  highest  tissue  leveb  of  RDX  occur  in  die  kidneys. 
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Fif.  >-15.  The  namnlne  explodm,  together  with  their  common  n«a>te,  Chtmkal  Abstract  Society  mnnbm,  synonyms, 
fonmilae,  and  slnictaies. 
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CiHtiK*+4HNQ,+2t«/«,+6(C«A>faO  - - 2<WOM«12CHyCOOH  •«« 

HiMtniw  nOX 


RMCionS: 

C|HtiH4  4^4HN(>,^rti«NC^>3  (CHjPQ)/}  - ^  <VVV3k'^4CH/XX)H-»^(VV1i04 

Haurnkw  HMX 

Hg.  M6.  Tlw  dwaiMry  (rf  RDX  «iid  HMX  pKKhKtkMi.  HMX  is  an  nmvoidabie  coproduct  (>f  tiw  pfoductkjo  of  RDX  from 
hexamtne.  Mori  RDXprtparitioMoonfadn  at  lea»ty%  HMX.  Reprinted  from  US  Army  Ehvifopaeiitel  Hygiene  Agency. 
»WterPliinidi[mA^Kirts<fB?dOHwA4*m^bcfiir»i9.AbenleenPtt>»^Groo«tMd;l^ 

Guide  IriX 


widi  sli^y  kmer  ievds  in  the  liver,  brain,  and  heart. 
RDX  is  metabolized  by  the  liver,  and  the  unidentified 
melabolilesaie  excreted  prioiaiily  in  the  urine.**  Un¬ 
like  most  odier  iritiated  exjio^vei,  ROX  does  not 
metabolize  to  fioim  nitrite  in  the  blood. 

AatU^ffteH.  RDXhasidadvdy  lowacutetoxkity. 
After  acute  exposure  by  inhalation  or  ingesdon,  there 
isa  latent  perM  o(a  few  houn,  followed  byageneral 
sequence  of  intcBdcatioBdat  begins  widtapfodromal 
period  of  irritability.  Neurological  s]nnptoms  pre¬ 
dominate  artd  inchi^tesdeisness  and  hyperirritabil- 
ity;  headache;  weakness  dkzinesa;  hyperactive  re¬ 
flexes;  nausea  and  vomitmg;  prolonged  and  recurrent 


geiieializedconvulsions;rmiscletwitdiirtgatidsofe- 
tiea^  and  stupor,  deliriurn,  and  dborientadon.*' 
Clinical  findings  in  acute  exposures  may  also  jrt- 
dude  fever,  tachycardia,  herruturia,  proteinuria, 
azotemia,  rrdU  anomia,  neuttophilic  kuioocyta^ 
evated  AST,  arid  dectroeiroephalQgiam  (EEQ  abtiof^ 
mafitiea.*  Theseabnont}aleffects,trarnicntandu2ire- 
liable  for  diagnosic  purposes  last  at  mostafew  days, 
b  fiKt;  aU  physical  and  laboratory  teals  rnav  remain 
nocinal  even  in  dw  presence  of  seizures.**^  EEGs 
tnade  at  dte  dine  of  convulsions  rnay  show  bilateral 
qmchtanous  ^lOce  and  wave  cDoqdeces  <2-3/sec)  in 
^  frontal  areas  with  diffuse  alow  wave  activity;  nor- 
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malizaHon  occtirs  within  1  to  3  months.*’ 

Patients  will  recover  from  acu^r  RDX  exposure 
within  days  to  months,  gradually  but  complet^,  and 
they  may  experience  amnesia  e^y  in  the  process. 

Sevei^  case  reports  of  RDX  ingestion  have  been 
documented,  fn  one  instance,  a  S-year-old  diikl  in¬ 
gested  {dastidzed  RDX  that  had  adhered  to  die  boots 
and  clothing  of  its  mother,  who  worked  in  a  munitions 
plant.  Thedtild  presented  withstatusepilepticus,but 
recovered  without  sequdae.  laboratory  tests  were 
essentially  normal,  and  the  dose  of  RDX  ingested  by 
the  child  was  estimated  to  be  84  mg/kg.**  In  the  in¬ 
stances  of  convulsions  thatoccunedamcmg  American 
soldiers  in  Vietnam,  the  signs  and  symptoms  usually 
began8tol2hoursafteringestion.  forudtoxidtvvvas 
observed  in  3  of  18  patients  (16%)  in  one  series.^  The 
sequence  of  symptoms  was  similar  to  dat  which  oc¬ 
curred  after  occupational  exposures,  proceeding  from 
confusion  and  hyperirritability  to  myockmic  contrac¬ 
tions,  severe  prtionged  generalized  seizures,  pro¬ 
longed  postictal  confrision,  and  amnesia.**^ 

The  efiectsofacute  exposure  toRDX  have  also  been 
studied  in  animals.  In  rats,  the  median  ledial  dose  of 
orally  administered  RDX  was  approximately 200mg/ 
kg.  Groups  (rf20  rats  at  each  dose  ievd  were  admtnis- 
toed  25  mg/kg,  50  mg/1^  or  100  mg/kg;  all  doses 
produced  hyperirritabQity,  convulsions,  mortal¬ 
ity  up  to  86.6%.*^ 

CkroHk  Effects,  Although  intensive  researdi  with 
antmalshas  revealed  someeff^,feweffects  of  chronic 
human  exposure  to  RDX  have  been  reported.  One 
study  reported  that  occupational  exposure  toTWAs  of 
0.28  mg/m^  to  157  mg/m?  did  not  cause  hematolog¬ 
ical,  h^tic,  or  renal  abnormalities.  This  study  al» 
failed  to  substantiate  a  su^iected  association  of  RDX 
exposurewidisystemichipusetydiemato^  Moderate 
reductions  of  die  erythrocyte  count  and  hemoglotm 
occur  during  the  mondi  of  eiqxisurc,  but  these 
values  return  to  nonnal  by  die  erd  of  the  second 
mondL** 

Tests  done  on  animals  have  supplemented  the 
kncnvledge  of  die  chronic  effects  of  ^X  on  humans. 
Dogs  fiedSO  mg/kgof  RDXdaily  for90days  devdoped 
hyperirritability,  convulsions,  and  wei^  loss,  widi 
no  alterations  ^  dieir  blood  chemistries  or  cytology. 
No  histcrfogkal  lesions  have  been  found  in  animals 
diat  have  had  RDX-induced  seizures.  In  addition  to 
thoseeffectsnoted  in  humans,scvera]  odiershavebeen 
seen  in  animal  tests:  cancer,weight  loss,  anemia,  hepa- 
totoxicity,  testicular  degeneration,  and  suppuradve 
inflamtrudion  of  die  prostate.** 

Invcst^ations  intodie  mutagenicity  and  caidnoge- 
nicHy  of  i^X  have  yielded  conflicting  results.  RDX 
does  not  appear  to  a  mutagen,  ba^  on  negative 


results  in  the  Ames  test,  the  dominant  lethal  test,  and 
the  unscheduled  deoxyribonucleic  acid  synthesis  as¬ 
say.  RDX  has  not  bem  found  to  be  cardhtiogenic  in 
gavagestudies  performed  on  rats,  but  iiK  reased  hepa¬ 
tocellular  carcinoiiu  and  adenoma  were  noted  in  fe¬ 
males  of  onestreinof  mice.  Duetothisfmding,theU5. 
Environmental  Protection  Agen^  has  classified  RDX 
as  a  possible  human  carcfriogen.** 

Reproductive  effects  havebeen  noted  in  rabtnts  and 
rats.  A  study  perfmmed  on  rabbits  showed  terato¬ 
genic  effects  at  2  mg/kg/day  (10%  of  the  dose  that 
caused  maternal  toxicity).**  Siinilariy,  a  teratology 
study  performed  on  pregnant  rats  ei^oeed  to  ROX 
result^  in  off^ving  wiA  lower  body  wdghts  and 
rhorter  body  lengths  than  were  found  in  the  control 
group.  Th^  researchers  therefore  recommended 
dttt  human  females  of  childbearing  age  be  protected 
from  exposure  to  RD)C 

PrbeumfPreveMtumemdMediaitSiifpeitUuue 

De^ntethelowtoxkityofRDXexposure should  be 
maintitined  at  the  lowest  levds  posable  due  to  its 
possible  caidnogenkity.  Sound  industrial  hygiene 
and  preventiveinedidnemeasures,such  as  those  used 
m  the  handling  of  TNT,  ^lould  suffice  to  protect  the 
worker. 

General  medical  surveillance  examinations  can  be 
conducted,  but  spedSe  testing  for  the  eff^  of  low- 
levd  occupatioMd  exposure  does  not  appezr  to  be 
warranted,giventlieab8enceofsbsionnalresultseven 
in  fimsepatunts  with  RDX-friduoed  seizures.  Suiveil- 
lancefor  both  males  and  females  should  also  indudea 
screening  questionnaire  for  reproductive  htstoy. 
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HMX  is  the  high«f'«neigy  solid  explosive  pro¬ 
duced  on  a  large  scale  in  £e  United  States.  This 
explosive  fs  used  exdusivdy  for  miltiaiy  purposes  to 
iorplode  fissionable  material  in  midear  devim,  as  a 
conqxment  of  plastiobonded  explosives,  as  a  compo¬ 
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nent  of  rocket  propellant,  and  as  a  higli-explosive 
burster  chai;ge.* 

MmmfMcture  and  Exposure  HMzarda 

Exposure  to  HMX  can  occur  during  the  manufac¬ 
ture  filling  of  munitions  or  through  the  envirotr- 
mentalomtamiiutionofgroundwaterandsoiL  HMX, 
like  ROX,  is  manufactured  using  the  continuous 
Badunan  process  (see  Eigure9-16).  Although  its  solu¬ 
bility  in  water  is  very  low,  HMX  can  be  present  in 
particulate  form  in  water  effluent  from  manufactur¬ 
ing,  LAP,  and  demilitarization  operations. 

Human  Exposure  and  Health  Effects 

The  data  on  the  effectson  hunun  health  of  exposure 
to  HMX  are  very  limited.  HMX  causes  CNS  effects 
similar  to  those  of  RDX,  but  at  consideraUy  higher 
doses.*  In  one  study,  volunteers  submitted  to  patch 
testing,  which  produ^  skin  irritation.  Anotherstudy 
ofacohort  of  93  woricersat  an  ammunition  plant  found 
no  henutolo^cal,  hepatic,  autoinunune,  or  renal  dis¬ 
eases.  However,  the  study  did  not  quantify  the  levds 
of  exposure  to  HMX. 

exposure  has  been  investigated  in  several 
studies  on  attimals.  OveraD,  the  toxidty  appears  to  be 
quite  low.  HMX  is  poorly  absorbed  by  ingestion. 
When  api^ied  to  the  dermis,  it  induces  mild  skin 
irritatkMi  but  not  ddayed  contact  senstization.  Vari- 
ousacuteaiKisubdaonicneurobchavioraleffectshave 
been  reported  in  rabtnts  and  rodents,  including  ataxia, 
sedatk^ hyperkinesia, aird  convulsions.  Theduonic 
effects  of  HMX  that  have  been  documented  through 
animal  studies  indude  decreased  hemoglobin,  in¬ 
creased  serum  alkaline  phosphatase,  and  decreased 
albumin.  Pathological  changes  were  also  observed  in 
thearumals'liversarrd  kidneys.*  Nodataareavailable 
concerning  the  possible  repr^uctive,  developmental 
or  carcirfogenic  effects  of  HMX. 

Priman/  Prevention  and  Medical  Surveillance 

Both  primary  prevention  atvl  medical  survdllance 
for  HMX  exposure  should  be  conducted  as  they  would 
be  for  exposure  to  RDX,  discrissed  above. 

NUiogaanidine 

HN - C - NHj 
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Nitroguarudine  was  first  prepared  in  1877,  but  was 
not  used  as  an  explosive  un^  World  Warn.  Today,it 
is  a  major  component  of  triple-base  solid  prtqwUants. 
The  properties  that  give  nitroguanidine  an  advantage 
over  nitrocellulose  or  nitroglycerin  irtdude  its  cooIct 
bunung,  greater  production  of  gas,  less  flash,  less 
smoke,  and  less  corrosion  in  gun  barrels. 

Manufacture  and  Exposure  Hazards 

Nitroguarudine  is  produced  using  the  British  aque¬ 
ous  fusion  process,  which  is  not  dependent  on  either 
coalorpetroIeiunfOTrawingredients.  The  ingredients 
atul  process  chemicals  used  in  the  production  of 
nitroguanidme  ittdude  calcium  carbide,  nitrogen,  cal¬ 
cium  cyanamide,  ammimium  nitrate,  guanidine  ni¬ 
trate,  ammonia,  and  sulfuric  acid.* 

Workers  can  be  exposed  to  nitroguairidine  during 
the  irtanufocturing  process  or  during  its  incorporation 
intopropdlants.  NitroguanidineismoderatriyscJuble 
in  waterand  is  rapidly  absorbed  in  thegastrointestinal 
tract  It  is  only  ir^giblyrrretaboIizKl,  however,  and 
the  body  rapidly  excretes  urultered  nitroguanidine  in 
theurirre. 

Human  Exposure  and  HeaJdt  Effects 

Although  studies  of  the  effects  of  nitroguarudine  on 
humarts  have  not  been  done,  studies  perfcHmrcd  on 
animals  have  indicated  getretally  low  toxidty.  The 
oral  is  3.9  g/kg  in  mice  ariid  102  g/kg  in  rats. 
Direct  contact  with  rutroguanidine  may  bum  the  skin 
and  e>'es.  Single  sublethal  doses  of  nitroguaiUdine  in 
rodents  have  caused  respiratory  effects  (epistaxis  and 
d3rspnea),  gastrointestinal  effects  (diarrhea  and  hem¬ 
orrhage),  aird  CNS  effects  (depression,  hyperactivity, 
ataxia,  and  tremors).  Chronic  exposure  to  nitroguani¬ 
dine  ttuy  result  in  osmotic  diuresis  and  modest 
hematological  and  liver-functkm  changes.*  Resultsof 
studies  of  the  reproductive  and  teratogeiuc  effects  of 
rutroguanidme  appear  to  be  negative  and  results  of 
testing  for  mutagerudty.  de^te  flaws  in  the  study 
proto^,  appear  to  be  negative. 

Primarif  Prevention  and  Medical  Surveiltance 

Those  who  wcuk  with  nitroguanidme  diould  avoid 
exposing  their  skin,  eyes,  and  respiratory  tracts,  and 
should  wear  PPE  (safety  glasses  and  res^tory  pro¬ 
tective  equipment)  when  exposure  to  airborne 
rutrogtunUine  exceeds  the  exposure  limit.  Preplace¬ 
ment  examiiuitions  should  fo^  on  the  kidtteys,  the 
liver,  and  the  blood  and  indude  reiul  and  Uver-func- 
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tiontestsandcxHnpIeteblood  counts.  Becausethetoxic 
effects  are  subtle  and  the  long-term  implication  of 
alterations  in  these  clinical  tests  is  unclear,  the  occupa¬ 
tional  physidan  should  use  an  interim  medical  hist^ 
to  determine  the  contents  (rf  periodic  examinations  cm 
acase^-casebasts.  Alteted  test  results  may  indicate 
the  need  for  improved  exposure  control  in  the  woric- 
place  and  medi^  follow-up  of  the  abnormal  results. 

ll^Trinitiopliefiylinettiylnittamine 


MQ, 


Tetr^  tvas  first  prepared  in  1877,  but  was  not  used 
as  an  exjidostve  until  World  War  I,  when  it  was  found 
to  be  the  most  efficient  booster  dvuge  for  higlh  explo¬ 
sives.  From  World  War  Qtmtil  recently,  tetiyl  was  the 
booster  charge  most  commonly  used  by  ^  United 
Siatesmilitary.  Thearmedforceshavealsousedtetryl 
inblastmgGap5,pTimers,arKlsheUburstcrs.*  Although 
many  of  our  allie  continue  to  produce  and  use  tetryl, 
production  in  the  United  States  ceased  in  1963becau$e 
tetr3d  tends  to  ooirode  steel  and  b  unstable  when 
sto^  at  high  temperatures.  Thus,  our  current  use  of 
tetiyl  b  limited  to  the  remainit  g  stodc.  Its  only  re¬ 
potted  civilian  use  b  as  a  pH  indicator.” 

imdExposwrtHttsMTis 

The  xnanufocture  of  tetiyl  involves  several  steps 
during  whkh  workers  can  be  exposed  to  nitrogm 
oxides  aitd  add  vapors.  Sulfuric  a^b  first  added  to 
dimethylaitiline;  the  acidified  diraethylaniline  b  then 
nitrated  by  concentrated  nitric  add,  forming  a  granu¬ 
lar  tetryl  predpitate.  These  grains  of  tetiyl  are  then 
dried,  screened,ooated  with  graphite,and  compressed 
into  pdkts  for  use  in  munitions.” 

O^pational  exposures  to  tetryl  can  occur  during 
the  various  LAP  (^>erations  that  rise  tetiyl  pdlets. 
Ihese  operations  create  tetiyl  dust,  and  thus  expose 
the  workers  through  dermal  contact,  inhalation,  and 
incidental  ingestion  of  the  dust  In  a  retrospective 
cohort  study  of  systemic  toxidty,  the  chief  site  of 
exposure  wasapor^erhousein  which  workersloaded 
booster  bagsrvithtetiyL**  Virtually  all  LAPoperatkms 


with  tetr^lj^eb  significantly  expose  workers  to  tet* 

Himmm  Etposweotuf  Health  Effect$ 

The  primary  acute  effects  of  exposure  to  tetiyl  are 
due  to  its  irritation  of  the  upper  re^>iratoiy  trad,  the 
sldn,  and  the  eyes.  Woricerswhohavebeen  exposed  to 
tetiyl  dust  complain  of  bunting  eyes,  itching,  sneez¬ 
ing,  coryza,  and  epistaxb.  These  symptoms  may  begin 
atanytimedunngthefirstSmontirsr^exposure.  New 
wotl^  may  also  experience  nausea  and  vomiting, 
buttheyiecoveriapidfy.  Nasalsymptomsabatevnthin 
48  hours  after  exposure  has  ceased,  but  bronchial 
symptoms  may  require  up  to  10  days  to  abate.  Addi- 
tkmilly,  a  yellow  staining  of  the  hands  occurs  during 
the  fiid  3  days  of  exposure.  Exposure  to  the  sun 
deepens  these  stains  to  orange,  and  although  they 
be^tofadesoon  after  the  exposure  has  ceased,  sonte 
degree  of  staiiting  persists  for  several  montirs.  Otiwr 
acute  effects  mdude  nervousness,  headaches,  insom¬ 
nia,  oligomenonhea,  weight  loss,  nausea,  vomitii^ 
anorexia,  spasmodic  coughing,  aird  oithqmea. 

Cbntad  dermatitis  arid  skin  sensitization  are  the 
most  common  chronic  effects  of  exposure  to  tetiyL 
During  World  War  n,  tetiyl  was  the  most  conunon 
cause  of  dermatitis  anvongammunitkm  workers.  The 
inddenoeofworkerswhowerescsisitizedwaspiopor- 
tkmal  to  theirdegreeof  exposure:  2%  of  pellet  workers, 
but  50%  of  workers  in  du^  operations.^*’  Additkm- 
ally,the  risk  for  contaddermatitis  was  highest  in  those 
%viMkeis  who  were  exposed  to  »gitificant  amounts  of 
tetiyldust.  The  typical  rash  initb^  takes  the  form  of 
eiytitema  of  the  malar  areas,  iteck,  chest,  back,  and 
ventral  suifoces  of  the  forearms.  Then  the  afiwted 
areas  devdq;  ppuks  and  desquamate  after  a  few 
days.  ToIeraxKe  may  develop  in  workers  who  am- 
tinue  to  be  exposed.  In  severe  cases,  the  dermatitb 
may  devdop  vesicles  and  progress  to  masshw  gener¬ 
alized  edema  with  airway  obstruction  and  substantia] 
exfoliation  ftom  edema  of  the  oro|:tiiarynx’*'**  Re¬ 
moving  the  patient  from  exposure  allows  the  cutane¬ 
ous  symptom  to  resolve  wititin  2  to  4  weeks.  These 
dermal  effects  result  ftom  dried  irtitation  from  the 
tetiyl  ciystab,  as  wdl  as  ftom  the  diemical  properties 
ofteti^  Furthermore,  becarisetetiylbinetaboiized  to 
picric  acid,  cioss-sensitizatkm  to  picric  add  and  its 
derivatives  may  also  occur.’ 

Virtually  all  workers  ^th  significant  exposure  to 
dust  devd^  a  deepcou^  that  produces  a  thin,  mu¬ 
coid  ^tum.  The  cou^  appears  to  be  a  result  of  tire 
irritant  action  of  tire  tetiyl  partides  on  the  upper  alr- 
%vay.  The  large  size  (150  |r)  of  tetiyl  partides  prevents 
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thdr  entry  into  the  lewer  re^tatory  tract;  conse¬ 
quently,  r^iographs  of  exposed  workers'  c’.ests  have 
remained  normal’ 

Evidence  of  ^stemic  toxidty  has  be.3i  overlooked 
because  (a)  these  effects  have  a  long  latency,  (b)  ex¬ 
posed  workers  wen.  scattered  across  die  country  after 
their  demobilization,  and  (c)  the  large  turnover  of 
workers  limited  the  number  of  worixrs  with  pro¬ 
longed  agnificant  exposure  to  tetryl  The  draft  and 
otha  sodnl  effects  during  the  \vnr  coirtributed  to  the 
very  high  turnover  iate--the  average  time  worked  in 
the»  Calories  was  oriy  about!  year.  In  fact,  at  least 
three  cases  of  systemic  toxicity  have  been  reported.” 
Systemic  symptoms  were  irot^  only  among  workers 
who  did  not  devdop  the  more  common  irritative 
symptoms  of  dermatitis,  conjunctivitis,  and  tusc^dra- 
ryngeal  irritation. 

Clinical  signs  of  chronic  tetryl  exposure  tndtide 
Dwderate  leukocytosis  with  rdative  lymphoc3rtosb, 
anemia,  and  epigastric  tertdemess.””  Uppergastro- 
intestinal  symptmns  (sudi  as  gastritis  or  peptic  uker 
disease)  were  feequently  so  aggravated  Uut  affected 
workers  %vere  forced  to  leave  work.  In  severe  cases, 
todchepatHis  can  occur  %vithresultatUjaurkUoe,edeiria, 
aitdasdtes.  In  several  cases,  hepatorenal  syndrcHne 
and  death  have  resulted.”  Substantiating  fittdings, 
trtduding  irreversible  liver  necrosis,  rerul  tubular  de¬ 
generation,  bone  marrow-depTes5ionattemia,pulmo- 
tuuy  edema,  abdominal  pain,  insottmia,hyperrefiexia, 
and  mental  excitation,  have  been  described  in  expo¬ 
sure  studies  with  dogs.”  Tetryl  is  now  considered  to 
be  a  mutagen  and  probable  carcinogeit 

In  addition,  pure  and  military-grade  tetryl  were 
fouitd  to  be  mutagenic  in  three  prokary'oiic  fest  sys¬ 
tems.  Metabolic  action  on  tetryl  in  sabnondla  <die 
Ames  assay)  reduced  the  chemical's  mutagenicity, 
suggestir.g  mat  tetryl  is  a  direct-acting  mutagen.” 

Primmty  PreveKtiomuid  Medical  SurveOhmee 

The  most  elective  exposure  control  is  the  isolation 
or  CTKlosure  of  dusty  operations.*'  Isolatiitg  opera¬ 
tions  that  use  equipment  sudt  as  dryers,  sieves,  and 
conveyor  traruftr  points  minimizes  decontamination 
ofotho-woikareas.  Manufactottog  processes  dut  use 


TABLE  9-8 

PREPLACEMENT  EXAMINATION  FOR 
TETRYL  WORKERS 


CbBipoaeat 

EB|rfutis 

Medical  History 

Alcohc^use 

Tobacco  use 

AUergies 

Dermatitis 

PENT 

Hematologic  system 

Liver  disease 

Nervous  system 

Reqmatoiy  system 
Rendsystm 

Medications 

Occupational  History 

Prior  sensitivtly  to  telTl  or 
picric  add 

Prior  eqxjsme  to  hepatotoidns 

Physica*  r-^inination 

ABerpes 

Skin 

EENT 

Lhrer 

Nervous  system 

Respiratofy  system 

Tests 

CBC  with  dificrential 

Liver  function  tests 

Renal  function  tests 

Microscopic  urinalysis 

granulesarelessdustythanprocessesthatuseaystals. 
l^ing  sodium  sulfite-indicator  soap  wSl  delect  trace  of 
tetryl  that  remain  on  die  skin.  This  soap  also  converts 
tetryl  to  a  schibie  form,  which  aids  in  removing  it  from 
theskin  However,onecontznldtatshouldbeavoidedts 
job  rotatkm,  because  it  may  favor  sensitization. 

Pfeplacenent,  periodic,  and  tennirutionexainina- 
tkms  ate  necessary  for  workers  who  could  potentially 
be  exposed  to  tetryl  Table  9-8  shows  the  content 
prepiacement examinations.  Asbefore,diecontentof 
periodic  examinations  a  determined  by  die  occupa¬ 
tional  jdiysidan  on  a  case-by-case  basis. 


THE  INITIATING  EXPLOSIVES 


Theinitiatingexplosivesareaheterogerwousgroup  most  frequently  used  Initiating  ex|dosives  indttde 
of  chemicals,  prepared  and  used  in  very  small  quand-  lead  azide>  lead  styjdmate,  and  mctcuiy  fulminate 
ties, whkhthuslimhstheirpotentialfbrexposure.  The  (Figtue  9-17).  Other,  less  cornmon,  initiators  indude 
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Fig.  9-17.  The  initiating  ex]rfosive$/ together  wididtdfcofn- 
n»nnames,CheinicalAb^nct  Society  mtmben,synonyins, 
andfbnuulae. 


tetnoaie,  whkh  is  used  in  cotnmefcial  pruning  com¬ 
positions;  diazodinitrof^wnol  (D^jP),  wdiidi  is  an 
ingredient  in  primers  commercial  blasting  caps; 
aM  lead  moftonitroresorcinate  (LMNR),  which  is 
used  in  dectiic  detonatms  among  a  variety  of  appli- 
catkms. 

Lead  Azide 

Lead  aade  IFb(N3)2L  first  prepared  in  1890,  is  pro¬ 
duced  when  lead  nitiateis  reacted  with  sodium  Judde; 
sodium  nitrate  is  the  byproduct*  Because  it  is  quite 
staUe,  lead  azide  is  considered  to  be  one  of  dte  best 
iiutiators  for  sensitive  exploaves  sudt  as  tetiyL  FEIN, 
andROX  Lead  azide  is  usually  used  in  combination 
with  lead  styphnate,DDNP, or  PETN.  Indiedvilian 
sector,  it  b  in  cartridge  ptimets,  primer  cords, 
and  Uasting  caps. 

Lead  azi^  b  composed  of  70%  lead  wei^U,  and 
it  rdeases  poberwus  fumes  of  lead  aixl  nitrogen  ox- 
ideswhenheated.  Howevecduetosafetycottstraints. 
there  b  little  opportunity  for  exposure  to  lead  azide 
itsdf.  Durii^  its  manufacture,]^  azide  b  screened 
in  barricaded  rooms  to  avoid  continuously  exposing 
die  wori«s.  They  could  be  exposed  intermhtently 
while  entering  the  screening  rooms,  but  die  workers 
should  be  wearing  their  re^iiratoiy  protective  equip- 
mentatdibdine. 

Some  exposure  can  occur  wdiileprimen  are  loaded, 
but  local  e^ust  ventilation  b  hdpfuL  The  acute 
ededsofexposure  indude  vasodilatim  and  headadie, 
whQe  the  dironicetfeeb  are  diose  of  lead  intoxication. 
Due  to  these  health  effects,  silver  azid'^  has  been  in¬ 
vestigated  as  a  substitute  for  lead  aa^  with  some 


promise.  Regulationsandmedicalsurveillanceassoci- 
ated  witii  exposure  to  lead  azide  should  be  based  on 
die  lead  contmt  These  specific  requiremenb  are 
dictated  by  Title  29,  Gxleof  Federal  R^jlatbns,  Part 
WIO-IOZS.*" 

Lead  Styphnate 

Lead  sty|tiinate  was  first  prepared  in  1914  by  von 
Heriz  in  Germany,  but  it  was  first  used  as  an  explosive 
by  Rus^  early  in  World  War  L  Altiioughleadstyjtii- 
natebignitedcasi]y,itbardativ^poortnitiaior,and 
thus  b  often  used  in  combination  with  other  primary 
explosives.  Lead8tyititnate,manufai.'tiiredfinom2A6- 
triiutroresofxsiioL  magnesium  oxide,  and  lead  iiitrate, 
may  be  used  as  a  aoering  dm  ft  (ie,  die  booster)  for 
lead  azide,  as  an  ingredient  of  printing  cooqxjsiUons, 
asacoinpooentinMastingcaps,andasacomponentin 
smaD-arms  primers  (eg,  die  M16  primer  uses  4  mg  of 
lead  styphnate). 

The  efieeb  on  human  health  have  not  been  wdl 
studied,butacuteefiecbappeartobelimited  toydlow 
staining  ofthe  hair  and  sldnanddennafitb.**  CTuonic 
exposure  may  result  hi  lead  toxi(%,  and  it  b  the  lead 
content  of  dib  explosive  that  should  form  the  basb  of 
monitoring  and  medical  surveillance  for  exposure. 

Metatty  Fulminate 

Mercury  fulminate  (Hg(CX«IC)2L  tbo  known  as 
uiocury  cyanate,  was  first  prepared  in  the  late  ITtit 
centxny,  but  ib  explosive  properties  were  not  recog¬ 
nized  until  1800.  Until  recently,  mercury  fulminate 
was  used  asadetonator  and  im&tor  for  less-senridve 
exjriosives  such  as  TNT;  however,  the  mditaiy  no 
longer  uses  mercury  fulminale  because  of  ib  poor 
stability.  Mercury  hilmmate  must  be  stored  water-wet 
because  it  b  sensidve  to  accidental  detonation  when 
dry;  small  amounb  are  dried  immediately  before  be¬ 
ing  used. 

The  acute  health  efieeb  of  mercury  fubnirule  in- 
dude  mucosal  irritation  and  the  manifestations  of 
mercury  poboning.  The  most  common  duonic  effect 
b  sensdization  domadtb,  due  to  exposure  to  dust 
«j*.:jingtheinanufactureofdetonators.  Thedennadtb 
usually  afieeb  die  face  and  die  anterior  surface  of  die 
inns. 

Exposure  fimib  and  medkal  surveillance  for  lead 
st3rphnate  and  mercury  fulminate  an  based  on  thdr 
respective  metal  conyonenb  and  can  be  found  in 
05HA  29  CFR  1910.1000*  and  in  the  ACGDrs  Docu- 
maMkm  ofThmhM  limit  Vdm.  1-  ’ :  edition.** 


347 


Occuptthml  HetUk  Tkt  SoUier  and  I  fie  InJustritl  Btse 


COMPOSITE  PROPELLANTS  AND  EXPLOSIVES 


Composite  propellants  are  s(^  rocket  fuels  that 
are  being  used  in  an  increistng  number  of  apfJk:* 
tions.  As  ivith  all  explosives  and  propdlants,  the>' 
consist  of  an  oxygen  donor— the  oxidizer— and  a  hy¬ 
drocarbon  fud.  The  oxidizer  is  usually  an  inoiganic 
salt.  wh:lethefuelisa  pdymerklnnder  (essentially  a 
plastic).  Thecompoateslvaveawiderai^ofper^r- 
mance  characteristics,  are  tremendously  stable,  and 
are  inexpettsive.  However,  dwy  are  so  reactive  that 
they  coriode  the  metal  in  gun  barrels. 

The  vast  number  of  alternatives  availaMe  for  use  as 
oxidizers  and  biitders  predude  discussion  of  all  of 
them  (Exhibit  9-2).  Informatkmregardiitgthetoxidty 
of  the  inorganic  salts  is  widely  available  in  dte  toxicol¬ 
ogy  and  occupational  medicbieliterahtre.  Therefore, 
thfe  discussion  focuses  on  ammonium  penhlwatc. 
which.dueprobabtytoitscost,stability.easeofmami- 
facture,  attd  versatility  of  use.  is  the  most  widdy  used 
oxidizer  in  composite  propdlairts.  AmrtKMuum  per¬ 
chlorate  is  used  in  dte  Multiple  Laundi  Rocket  ^:^em 
and  in  rodcet-assisted  howitzer  projectiles.  Workers 
can  becontamiruted  via  thedeiml  and  inhalational 
routes  during  i>ll  stages  of  propdlant  productiott 

Before  it  can  be  us^  in  munitiocts.an  oxidizer  must 
be  ground  aitd  screened  by  partide  size  to  assure  that 
it  bum  uniformly.  Both  grinding  aitd  saeenii^ 
raise  significant  levels  of  dust,  some  of  whidt  is  respi¬ 
rable  and  must  be  controlled.  The  mixing  of  the 
oxidizer  with  the  binder  can  also  be  quite  dusty. 


Numerous  polymeric  binders  are  in  use  current^. 
After  being  mixed  with  the  oxidizer,  die  resultant 
propdlant  can  be  ddter  cast  or  pressed  into  a  mold. 
Cast  materials  are  melted,  dicn  pouted  as  a  Hqukt  into 
a  mold,  while  pressed  materials  are  kept  in  their  solid 
stateandshapedbysimptymoldingofcxtmdii^  A 
high-temperature  curing  process  then  dfects  poly- 
tnerization.  a  process  that  releases  toxk  vapors,  to 
which  the  workers  can  be  expesed.  The  propdlant 
core  is  then  removed  from  die  mold  and  machined  or 
trimmed  as  needed.  Workers  can  be  exposed  to  dust 
during  all  of  these  last  three  operations.^ 

Plastic  bonded  explosives  are  similar  in  concept  to 
the  composite  propdlanls,  but  are  derigned  to  func¬ 
tion  as  high  explosives  rather  than  as  propdlaiits. 
Several  major  groups  are  the  PBX.  P8XN.  aM  I JC-10 
series.  Theyieptesentavarietyofmbcturescombining 
high  mechanical  strength,  excdlent  stabili^V  and  a 
wide  range  of  explosive  prc^ieities.  They  contain  a 
high  percentage  of  basic  explosive  (RDX.  HMX, 
HNS,  or  PETN),  whidi  b  mixed  with  a  polymeric 
binder  (polyester,  pofyurethane,  nylon,  pofys^rrene, 
rubbers,  nitrocellulose,  or  Teflon),  plastidzer 
(dioctylphthalate  or  butyldinitropherylaiaiine),  and 
HKitallic  fud  (powdered  aJumbum  or  iron).  Amajor 
advantage  of  using  plastic  bonded  explosives  is  dial 
the  final  product  can  be  injection  (or  press)  loaded  et 
ambicnttemperatu]es,orevenIoadedinthefidd.  The 
biixiers  are  thennally  degradable,  so  diat  in  demilKa- 


EXHIBIT  9-2 

TYRCAL  COMPONENTS  OF  COMPOSITE  PROPELLANTS 

■iaden 

- ■- 

Poh'suUides 

Aluminum 

Polyuiethanes 

Meta)  hydrides 

Pol^Udienes 

ORtxncv-lRiniiialcdpolybuUdinies 

Modifim 

Hydroxy-terminated  poiybuUdienei 

Metal  oxides 

Ferrocene  derivatives 

Oxidixm 

Ptastidzers 

Ammanhim  pndiknte 

Ammonium  nitrate 

ROX 

HMX 

Bonding  Jgents 

Adjyitdwdipf.mMaoBfw»wUii<fafTV.Exptoiiv««tdp»optBMit».lw:Criy»cwM.KifkREOftm«tP.»d».dtrii(|lt<ilVroMir«^lfcf 
DvftifidmefamictlTtiimehfy  IV^cwYoricfotinVmtyftSoRxmSraW. 

MihtMfyEnerfftkMtterkdxExpiasaxsmtPrvptlkmts 


rizatkmqper?tionsU)eicgredientecanbccoinf^etdy  aU  practical  purposes,  the  pcdymets  ate  medically 

recovered.*  mat  TheothCTcx>mpooent8,wl^areheterogeieous 

Spedfkrrtedkalirdorrriationtegarxiirigociiitpnsite  and6omdifieieitfciwmkalhutiilie»,havevasdy(lt£fier- 
piopdlatttsatKlexpkKivesndiffiadt  to  provide.  For  etae£feds,mariycfwhichait:tiotyetchafacteri2sed. 

UQUm  PROPELLANTS 


The  two  t^rpesof  liquid  prc^)ellantsareli({uidrodcet 
propeUardsa^  liquid  gun pcoprilants.  BothdteNa- 
tioivd  Aeroittutics  artd  Space  Aclrn^rdstration  arid  die 
US.  Air  Force  use  liquid  rodcet  propdlant^  in  high* 
performance inissQe systems.  Iheaxmedservicesars 
currently  devdopiAg  liquid  gun  propdU.nts  for  use  in 
large<aliber  wreapons  such  «s  die  I20-mm  main  tank 
cannon,  lOS-mm  howitzer,  15Snunhowitzer,aiKih'in 
howitzer. 

Rocket  Prafudlants 

Mat7  chemicals  have  been  used  as  cuo^ooents  of 
Uquid  rocket  pfopdtarits  (Exhibit  9*3).  Manyareused 
extensiveiy  in  iikfostxy  and  a?e  well 'xrvered  in  Stan* 
dardtoxicolo^andoenipatioiudiitedicinetextcrnost 
of  them  have  flcify  limited  rnOitaty  use  and  therefore 
willnotbediscusaedindiischaptCT.  The  liquid  rocket 
propelUrits  that  do  have  inilitai7  api^kations  iiichide 
(a)  hydrazine,  (h)  nitrogen  WiOxide,  and  (c)  the  bo* 
ranes. 

Hydrazine  is  widdy  us«d  in  the  chemical  industry. 


where  most  of  the  studies  of  the  efiects  on  human 
health  have  been  conducted.  Studies  on  humans  and 
animals  have  demonstrated  ddeterious  heaKhefifects. 
The  ediecls  on  humans  have  been  limited  to  irritations 
of  the  skin  and  muoo»  and  hepetk  disorders,  but  the 
eftects  found  in  animal  studies  have  been  more  seri* 
ous.  Mice  have  developed  hepatomas  after  being  fed 
hydrazine;  rats  exposed  to  l^drazine  vapor  have  de* 
velcped  nasal  hmiors,  and  hamsters  have  devdoped 
lung  adenomas.  Utbiary  levds  of  hydrazine  lave 
shoi^  some  uHHty  in  monitoring  exposure.  At  a 
minimum,  medical  surveillance  should  periodically 
assess  erythrocyte  indices,  hypoglyoeirja,  kidney  and 
liver  dtseastr  hemorrhegic  diadicsis,  and  allei^  to 
phenyihydrazine  and  boniazid.'*' 
Nitro^tetroxidehasabo  been  used  ividely  in  the 
spaceprogram,bat  not  without  haimfo]  healdiQ^ects. 
The  vapors  can  cai'ae  immediate  or  ddayed  swdUng 
and  blblering  of  adnexa  oculi  and  severd^  burn 
thedeimb.  When  nitrogen  tetroxideb  inhaled,  it  can 
react  widi  moisture  to  form  nitrk  add  and  cause 
delayed  ptdmofiary  edema.’ 


EXHIBlV^a 

TYPiOJL  COMPONENTS  OF  LIQUID  ROCKET  PROPEOANTS 
fmty 


Medty!  alcohol 
Ethytakohol 
bepropyt  alcohol 
FurforyialcoiKit 
Anhyeboos  ammada 
AioUne 

butyl  mercaptan 

nn>py*{aaap(an 

Amytmrerpt,!: 

Hydrazine 

Monomfthyl  hydiazin; 

UnsymmcMml  dimediyi  h/dranirc 

Mix^axriiies 

Nitmnethanc 

Tetrastbomethane 

Al^itk  hydrocMbccs 


Oxidim 

Hydrogen  penndde 
Liquid  oxygen 

Red  and  white  fuming  nitric  add 

Nitrogen  tatxaoxidf 

liquid  fluorine 

Ojqrgcn  difluoride 

Oemdifluotide 

Ethykne  oxide 

ether 

Brooiine  pentafltioiide 
Chloride  trifluoride 

VWtMOOfGttt 

Tricdiyt  boron 
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Duringthe  past  30  years,  the  fuel  boron  h}'diid«and 
its  derivatives— abo  known  as  ionmes— ha ve  become 
widdy  used  within  industry  and  rocketry  as  rubber 
vulcanizers,  corrosion  inhibitors,  and  in  other  diemi* 
calprocesses.  The  reactivity  of  the  boranes  has  led  to 
a  proliferation  of  uses,  but  lu»  also  contributed  to  their 
significant  toxicity.  Regardless  of  their  use,  borattes 
are  toxic  to  the  respratory  system,  cardiovascular 
system,  CNS,  sldn,  kidneys,  arid  liver. 

Giibotaites— boranes  that  contain  carbon  in  addi¬ 
tion  to  boron  aitd  hydrogen— have  recently  been  de¬ 
veloped  and  investigated  foruse  in  scdid-fuel  systems. 
The  carboranes  are  skin  irritants,  but  they  do  not 
sensitre.  They  appear  to  have  rdatively  low  acute 
toxidty.  Subchronic  inhalation  exposure  in  dogs  re¬ 
sulted  in  mterstitial  pneunronitis  and  early  emphyse- 
malous  dianges,  but  no  developmental  effects  were 
noted.”* 

CvaPropdlants 

Liquid  gun  pnqrdlants  have  several  advantages 
over  conventional  solid  propdlanis  for  use  in  self- 
propdied  howitzers  and  ruval  vessds:  they  ate  less 
expettsive  to  produce  and  transport,  less  vulnerable  to 
ncondary  igftition,  easier  to  store  in  combat  vehicles, 
and  ate  den^tarizedmoresafdy  and  easily  dtan  solid 
propellants  One  disadvantage,  however,  b  that 
more  workers  can  be  exposed  to  the  chrsnka]  compo¬ 
nents  durii^  the  manufacture,  tran^x>Tt  atKi  use  of 
liquid  than  solid  propellants.”’ 

The  liquid  gun  propeSattb  of  current  mterest  con¬ 
sist  of  aqueous  solutions  of  hydroxylammonhtm  tu- 
tratelldAN)  mixed  with  either  trimetlumolamtnonhim 
nitrate  or  trwthartolamrrKmhuniutrate.  Nostudieson 
the  effects  on  huciian  health  have  been  repcrted  on 
either  of  the  mixtures  or  the  mdividual  components. 
However,  ffw  aqueous  solutions  and  pure  HAN  have 
been  evahuted  for  mamnulian  toxidty  at  the  US. 
Army  Environmental  Healffi  Ageixy  (USAEHA)  and 
at  the  US.  Army  Letterman  Army  Institute  of  Re¬ 
search.’®'”*  The  nuxtures  were  fowKi  to  be  moder¬ 
ately  toxic  to  both  rats  and  rabbits:  for  male  rab,  the 


<Hal  li^  was  822  mg/kg,  and  forfdnale  rats,  520 m^ 
kg;  for  male  rabbits,  the  oral  LO^  was  101  mg/kg^ 
C^lexposuietotheinixturesinduce$cyanoris,tespt- 
ratoiy  distress,  ai>d,  at  high  doses,  death.”*  A  single 
intragastric  dose  of  400  mg/kg  produced  no  ECG 
changes  in  dogs.  Treatment  with  ntethylene  Uue 
rapidly  reversed  the  acute  toxic  effects.  Themixtures 
%veTe  also  found  to  be  ocular  irritanb,  but  were  twt 
cornxjve  to  the  cornea.”*  However,  exposure  to  mix¬ 
tures  mduced  hematological  changes:  methemoglo¬ 
binemia  occurred;  oxygen  tension  decreased;  free  ni- 
trites,Hcmzbodies,ziidcrenated  erythrocytes  formed; 
atvl,  at  lower  doses,  serum  potassium  decreased.”* 
The  armed  forces  have  abo  used  rabbits  to  test  the 
health  effects  of  HAN.  When  applied  to  the  dermb,  it 
caused  dironicand  u]cerative(kiinatitb,and  at  higher 
do9es,causedhemolyticaneiniainadditiontoff)esyS' 
temic  effects  described  previously  for  exposure  to  the 
mixture;  however,  no  blood  dienustry  changes  were 
noted.*®  When  administered  orally  to  threegroups  of 
rabbits  (1,  5,  aral  25  mg/kg/d)  for  21  days,  HAN 
induced  ^>lenic  congestion  and  hype^asia  of  ffie 
reticuloendothdial  system  at  all  dos^**  At25mg/ 
kg/day,HAN caused  anemia  andmyeloidhypeiplasia 
of  thebone  marrow.”*  Inhalation  of  aerosolized  HAN 
has  been  fouiri  to  induce  Heinz-body  fonratkm  and 
upper-fcqjiratory  irritation.”’  Sev^  other  liquid 
gun  pnqrdlants  have  also  been  investigated  as  aen>> 
sols,  and  the  effects  they  elidted  «veie  qualitativdy 
smilar  to  those  of  their  principal  ingredient,  HAN.** 
The  Occupationaland  Environmental  Medicine  Di¬ 
vision  of  USAEHA  has  established  pteliininary  guide- 
linesfor  medical  suTveillarKcand  a  provbional  PELof 
3  mg/oP  has  been  proposed  for  liquid  gun  prrqid- 
lants.*”'*”  Testirigformethemcglobiriemiaorexamm- 
ing  the  peripheral  Mood  for  Hrinz  bodies  truy  com¬ 
prise  part  of  the  appropriate  medical  monitoring  for 
expos^  employees.  Reasonabieoccupational  precau¬ 
tions  indude;  restricting  employees  from  eating, 
drinkii^  and  smoking  in  areas  whm  these  chemicals 
are  haiKikd  or  stored;  ensuring  adequate  ventilation; 
preventir^  qpiUs  and  splashes;  aiKl  using  PPE  sudi  as 
^>iash  goggles  and  gkwes. 


SUMMARY 


IndefendingtheUnitedStales,ouIitaryanddvilian  incomplete  laberatory  studies  and  imperfect  data,  in- 
penonndmustnccessarilypfoduce,store,atKlhandle  formation  has  been  gathered  during  the  last  50  years 

a  variety  of  munitions.  In  army,  these  operations  on  the  effects  of  woriylace  exposures  to  these  cheml- 

occuraroundthecounttyatvarioiisaraenals,proving  cab,  much  of  it  recorded  during  wartime  while  large 

grounds,  depots,  and  ammunition  plants,  tvhich  to-  quantities  were  being  produced, 
gether  employ  more  than  lOOAX)  tvorkers.  Despite  The  chcmlal  faitrto  represented  amoi^  energetic 


inateiakindudealiphatknitrateestets(suchasnkiO' 
glycerin),  niboatomaiks  (sud)  as  TNn,  aiKl  n^ra^ 
(sudiasRDX).  OmsideringriiepiDpertiesofriieener- 
getk  materials-^xploshres,  ptopdla^,  ani  pyiotech- 
rocs— it  was  inevitable  that  riiey  would  be  utSized  in 
tmlitary  weapons.  D^ilosives  create  a  shodctvavetf«at 
progresses  rapidly,  while  propdlards  rdease  large 
amcMnts  of  hot  gas  in  a  more  controlled  maimer. 
tedttucsburn  slowdy,  emittii^  tremendous  heat  or  l^iL 
Most  inodein  weapons  utilize  energetic  CDO^xiunds  in 
combination,  capitalizing  on  their  iridividual  properties. 

As  these  energetic  materials  are  syitdiedzed  and 
assembkd  into  munitions,  woflcets  can  be  exposed  to 
rite  raw  materials,  the  finished  product,  or  any  number 


MUilaty  Energftk  Materuls:  Expbsim  and  PropeUants 

of  chemical  intermediates  along  the  way.  These 
dtemka!sareusuaIlyabsoibedviathedetmri,inhala- 
tional,  and,  less  importantly,  the  ingestkmal  routes;  as 
a  class  they  can  produce  dermatitis,  methemo* 
globinemia,  vasodilation,  or  cancer.  Hie  standard 
industrial  hygiene  principles  of  engineering  and 
administrative  controb  and  PPE  can  minimize 
these  exposures.  Obviously,  the  exjdosive  properties 
of  these  diemkab  necesritate  strict  com{diance  with 
safety  guiddines.  Preplacement  scresning  and  peri¬ 
odic  surveillance  must  be  tailored  to  the  ^lecific  haz- 
atds  in  each  industrial  cqieiation  and  at  eadi  rite. 
Generalized  medical  guidance  regarding  fiiese  mix¬ 
tures  has  litfie  practical  significance. 
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INTRODUCTION 


Soldiers  and  civilians  whose  woric  includes  firing 
weapons,  launching  rockets,  and  demilitarizing  am* 
munition,  or  who  work  around  conflagrations  that 
involve  ammunition  (or  tactical  vehicles  that  contain 
ammunition)  encounter  potentially  hazardous  expo¬ 
sures  to  combustion  products.  These  exposures  are 
related  to  the  combustion  of  propellants  and  other 
chemicals  that  provide  theeneigy  for  firingapro|ectile 
or  rodcet,  the  materials  that  are  contained  within  the 
projectile,  the  interaction  between  the  projectile  and 
the  firing  tubeor  barrel,  and  numerous  other  chemical 
and  physical  events  that  occur  during  firing. 

Pmpdlants  are  chemicals  that  rapi^y  liberate  large 
volumes  of  gases  lutder  high  pressure  artd  tempera¬ 
ture.  Military  persoimel  probably  have  been  exposed 
to  the  combu^on  products  of  propellants  for  more 
than l/XX) years.’  TheseemTjeftcgasesftheirreaction 
is  exothermic)  propel  a  prcqectile  through  and  out  of  a 
gun  tube  or  power  the  reaction  motor  when  a  rocket  is 
launched.  Propellants  differ  from  other  energetic 
materials  such  as  fuels  in  their  method  of  combustion: 
fuels  require  ambient  oxygen  to  burn,  whereas  the 
oxidant  is  a  chemical  constituent  of  a  propdlanL  The 
combustion  of  most  propellants  cannot  quenched 
cmce  it  has  begun. 

This  chapter  primarily  considers  the  risks  of  expo¬ 
sure  via  inhalation,  the  skin,  and  the  eyes  to  the  major 
combustion  products  of  commonly  used  solid  propel¬ 
lants— carbon  monoxide,  ammonia,  hydrogen  bo¬ 
ride,  oxides  of  nitrogen  and  sulfur,  and  lead— in  army 
weapons  systems.  (Exposures  to  carbon  mcmoxide 
and  lead  are  such  signibcant  hazardstomilitaryper- 
scnnel  that  they  are  considered  in  separate  chaptere  of 
thistexdiook.)  Potentially  hazardous  substances  ccm- 
tained  in  prc^ectiles  (such  as  depleted  uranium  (DU{, 
ziiK,  and  lead)  are  also  addressed.  TheUS.  Armyhas 
not  used  liquid  propellants  to  any  great  extent,  mainly 
because  solid  propellants  have  met  c^ierational  re¬ 
quirements  aiKl  were  less  expensive.  Liquid  prc^iel- 
lants  are  considered  to  be  potentially  hazardous:  they 
may  contain  cherTiicals  that  (a)  are  toxk  (strong  acids) 
aitd  (b)could  bum  raf^ly  if  thecomponents  come  into 
contact  with  each  other.  The  Lance  tnissile  system  uses 
liquid  propdiants  and  has  had  an  extremely  good 
safety  record  despite  both  the  theoretical  hazards  and 
considetable  operational  movement— including  air¬ 
drops.^  Ones;^emthatcuiTentIyuscsliquidpropel- 
lants  has  had  operational  problems:  the  S»d  missies 
that  the  Iraqi  army  used  against  Israel  and  the  allied 
forces  during  Opmtion  Desert  Storm  were  charged 


with  liquid  propellants;  the  Scuds,  fueled  in  the  field, 
took  longer  than  1  hour  to  dtarge,  and  could  only  be 
charged  oneata  time.^ 

Conventional  weapons  of  immense  destructive 
power  have  been  developed  during  the  20th  century: 
effcctiverapid-fireweapons;recc^essweapons,rock- 
ets,  arrd  missiles,  all  of  which  liberate  large  amounts  of 
combustion  products  per  unit  of  time;  weapons  that 
are  operated  in  confined  spaces  and  in  various  urban 
locales;  arrd  tightly  ettclos^  vehicles  that  can  be  used 
as  weapons  platforms  fur  operations  in  chemically 
contaminated  environments.  A  side  effect  of  utOizmg 
these  %veapons  is  that  the  sddiets  who  operate  them  are 
exposed  to  the  combustion  products  of  propellants. 

Casualties  of  inhalational  exposures  to  these  conr- 
bustion  products  have  defmitely  occurred,  but  pub¬ 
lished  case  reports  are  not  readily  avaibble  in  the 
nredkal  literahrre  of  any  language.^*  Several  factors 
have  minimized  the  munber  of  reports  documenting 
the  adverse  eft^  of  these  exposures.  Duringweap- 
ons  firing,  the  exposure  settings  are  characterized  by 
short-lived  cloudsof  contaminants,  with  high  peaks 
pollution  that  raf^iy  dissipate.  Exposures  like  these 
are  very  difficult  to  measure,  particularly  under  field 
conditions.  Sporadic,  episodic  weapons  firing  during 
training  and  battle  operations  deprives  medical  ob¬ 
servers  of  a  steady-state  experience,  such  as  would  be 
found  in  an  industrial  setting  where  the  same  or  simi¬ 
lar  operations  are  performed  in  the  same  location  day 
after  day.  The  scant  mformation  derived  from  field 
observations  is  often  secluded  indassified  documents, 
or  documents  %vith  limited  accessibility,  and  often 
with  little  or  no  verification  by  the  civilian  or  even  the 
military  nnedical  communities. 

One  documented  instance  of  carbon  monoxide  in¬ 
toxication  occurred  at  Fort  Hood,  Texas,  in  February 
1984.  It  involved  an  MlEl  Abrams  tank  undergoing 
operational  testing.  IhisTarerepcntofcarbonmonox- 
ide  intoxication  is  discussed  in  Chapter  11,  Cadbon 
Monoxide.  Anecdotal  evidenoe  is  not  so  rate;  tank 
design  was  implicated  as  an  important  factor  contrib¬ 
uting  to  inhalational  exposure,  and  poor  crew  condi¬ 
tions  inside  Soviet-made  tanks  that  were  captured  by 
the  Israeli  Defense  Forces  during  the  Six-Day  War 
(1967)  have  been  described: 

OneofdienuindiawbacksckftheoriginalSuviettT- 

55}  design  was  the  total  disregard  of  human  en^neer- 

ing  for  crew  members.  The  Soviets  |»dc  the  smallest 

of  their  reau'ts  to  ser\-e  in  tank  units,  but  even  these 
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midgetsdkl  not  feel  too  happy  in  the  confines  of  their 
tank  tuiret  and  driver's  compartment.  BadventUa* 
tkm  in  the  cramped  interior  caused  fatigue  aiul  ex* 
haustion  reducing  combat  efficiency  and  endurance. 

In  fact,  Arab  tank  crews,  overcome  by  deadly  fumes 
aiJ  stress  under  severe  duTsatK  conditiotu;,  of¬ 

ten  <bai,uOned  their  tanks,  whidi  wen;  jMcked  up 
perfectly  intact’^'*’ 

The  U-S15  (2A2C)  115-inm  smoothbore  gun,  at  rirst, 
seems  a  very  efficient  lank  gun,  (bull  its  combat 
effectiveness  (eaves  much  to  be  desired.  The  firing 
se<;uetKes  present  most  of  the  dtaMbacks.  Thegun's 
exhaust  fiimes  are  overwheiming  aitd  the  fighting 
ootr.p«rtment  soon  fills  with  carton  numoxide,  de- 
^te  the  bore  evacuator  designed  to  remove  fumes. 
Poor  ventilation  cattaes  combat  fatigue,  end  crews 
have  been  kiwwn  to  abaiKlon  ffieir  ittounts  totally 
exhausted,  choking  from  the  poisonous  futnes.’*'^ 

By  bringing  the  potential  risks  and  problems  re¬ 
lated  to  tiie  use  (rf  various  weapons  to  the  attention  cf 
medical  personnd,  those  who  care  for  soUim  will  be 
pr^Mued  to  recognize,  treat,teportaitd,ideai]y,evMV 
tuaUy  minimize  the  adverse  ^'ects.  Military  physi- 


dans  must  take  the  tune  to  describe  and  report  the 
dinicaldctailsandcxposunteventssurroandingwork* 
place-related  injuries  and  illnessessothatouralrility  to 
prevent  morbidity  and  mortality  can  be  improved. 
US  Army  Medical  Department  (AMEDD)  officers  are 
required  to  report  actual  ovetexposures  or  any  sus¬ 
pected  clustering  of  ^rmptoms  in  soldiers  leganlless 
of  whether  these  occur  in  garrison  or  in  the  ridd.  In 
these  situations,  the  Spedal  Telegraphic  Report  of 
Sdccted  Conditk»L  (R(5  MED-16{R4]-^{equbement 
Ccmtrol  Symbol  Medical),  which  is  required  by  army 
regulations,  must  be  used.^  This  report  is  essential;  it 
tmabies  occupational  beilth  perscnnel  tc«  assess  the 
effectiveness  of  previously  established  engineering, 
administrative,  OT  persotral  protective  conti^  arul  to 
identify  areas  whm  the  nted  for  controls  was  over¬ 
looked.  Eveniually,  these  reports  will  be  used  bj’ 
design  ef.gineeis  to  eUminate  or  ledisce  hazardous 
exposures  in  military  ordtumce,  vdtktes,  artd  equip¬ 
ment  that  are  being  developed  for  fuuue  use.  The 
ultimate  objective  is  the  primary  prevention  of  mor- 
b  Jity  and  mortality  and  the  elimiiution  or  leductioa 
of  expesures  that  diimiiush  sokUci' pcriinnriaiKe. 
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Perhaps  the  first  recorded  uses  of  propellants  were 
by  the  Byzantine  defenders  of  Constantinople  against 
the  Saracen  fleet  in  ao  673  and  717.'  The  Byzantines 
used  Grak  Fine,  a  flaming  propellant  that  M'as  itself  a 
chamtcalweapcm,  generating  acrid  smoke.  GredcFlre 
was  probably  made  of  «  powdered  mixture  of  sulfur, 
n3f^!fta,andqukkJime.  By  the  13th  century,  Mediter- 
raitean  Musli^  launchH  small  stone  balls  that 
were  propdied  by  Nadt  jxmfdtr,  a  mixture  of  stdfur, 
charcoal  and  saltpeter  (potassium  nitratcl  through 
tubes.'  Theorigin  of  blade  powder  temamsa  mystery, 
but  many  believe  the  Chinese  were  the  first  to  u»e  it, 
probably  in  fireworks  arrd  signals.*  By  the  14th  cen- 
ttuy,  Europeaxts  reportedly  imported  bkek  powder 
from  China.  Blade  powder  has  been  used  for  rtearfy 
two  millennia,  and  is  still  used  (in  approximate  pro- 
pccticns:  potassmmnittate,  75%;  charcoal  15%;  and 
sulfur,  i0%)  to  a  limited  degree  in  imdem  munitions 
sud)  as  low-x-etocify  guns,  rocket «,  atKl  as  an  igniter  of 
larger  propellants.* 

Many  renowned  scientists  contributed  to  the  fidds 
ot  propellanfs  and  the  rdated  disdpliw  of  ballistics. 
VannocdoBirmgiKxk>,a  Ro(eritineen9nrer,d«9Ciibed 
a  variety  of  weaponry— including  grenades,  Same 
lhrawcTS,andpoilabieptojectilehurier9(thcforerun- 
nenof  contemporary  smalicaliberatmsh-in  his  15th- 
century  book.  ??KPin>tert.w<^Vawjotr»Bum,g^^ 


Bitinguedo  analyzed  the  nncchanica!  proce^ofpro- 
pe!Untcoinbustionandalsodescri}‘edffiec<deteiious 
efi’^ds  of  inhaling  combustion  products. 

By  the  early  l^centiuy,iCittgGust«vus  Adolphus 
of  Sweden  established  tlie  firrt  true  field  aitiilery, 
which  consisted  of  heavy,  iron,  firing  tubes  on  wheds; 
propellant  in  the  form  biack  powder;  atul  ball  pro- 
jectSes.  HeestaMithedardUeryfandthereforepn^sd- 
lants)  as  «i  important  component  of  the  battleBdd 
armatnentarium,  and  he  laid  tlie  foundation  for  a 
Qourishing  Swedish  arms  Industry  (Hgures  IB-1  and 
tO-2).'-" 

Dniouticiraprovementsinpropdlants  evolved  dur¬ 
ing  the  I9ih  century. 

Modem  propclUnH  date  from  1845,  when  a  German 
cbemist,Chri«ti>n5c}<oenbein,di$covered  rutnxrihi- 
looe,  wkid)  hurra  oornpietely  leaving  no  solid  reri- 
diKS.  Gunpowder  {black  powdcrl  comparisen 
produces  over  half  Us  weij^  as  solid  residue.  A 
satisfactory  cropfliant  in  the  form  of  eskes  was  fine 
pndiKxd  in  ISM  by  a  Breiich  physkist.  Paul  Vkfik, 
by  gelatinizing  rdtrocd]uk»»  with  an  etlict^akoDol 
mixture.  This  was  used  by  the  Bendi  army  under  the 
luuneof  PoudreB.  Alfred  Nobel  produo^  a  sfnebr 
propdiam  by  using  nHiogfycerine  instead  of  ether 
atePhot.  AbdinBrHafaigelatiniradnitrscetiriose... 
usinga  mixture  of  idfrDglycerincaitdvaseltMlpetra' 
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Fig.  ICM.  GiKtavus  11  Adolphus,  called  Gustavus 
Addphus,  was  King  of  Sweden  from  1611  to  1632.  He 
ieof]^uiized  tactka)  mihtaiy  units  and  efredivdy  inte¬ 
grate  artiHeiy  toachieveinoeased  frrepowerand  moha¬ 
ir.  He  also  revirfutionized  die  manutoctuie  and  use  of 
aitiQeiyindudirgstandanlizu^  components  used  in  die 
inanufactuie  of  artillety  pieces;  incretoing  (he  mobility  of 
ardOeiy  by  shortening  barrris;  and  increasing  the  rate  of 
frre  throu^  die  use  of  prcmeasured  powder  charges  in 
begs.  He  established  Swedish  artillery  as  the  best  in  die 
wadd.Souroe:HolnuriiistBM,GriprtadB.S2MfisftHbep- 
iMiy  Sfflcr  1630.  The  Defence  hfaiMd  Adaiiidsfration  of 
Sweden.  The  Rt^a!  Army  Museum.  Arlfiv,  Sweden: 
Settings:  1982. 


V.iT-S  - 

-MB* 
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Hg.  20-2, 1^  die  middle  of  die  17th  cen¬ 
tury,  Swedm  had  developed  e  dnosi- 
fkd  and  extreme^  productive  arms  in¬ 
dustry  ih&t  produced  cannons,  muskets, 
pistols,  and  many  other  items  for  its  own 
arnqr  and  for  e^iort.  The  two  ITdKCii- 
tuiy  wenpens  shown  to  the  left  wen 
auemptsduring  the  blade-powder  era  to 
devdep  rapid^ire  guns.  The  sbfrfett: 
(arganisun),(a),hadtweRiy20-inmbar- 
relsand  was  used  asadcliemive  weapon. 
To  Sre  the  weapon,  powder  was  {daced 
in  grooves  hi  the  ODsipicoeandb^  and 
ignited  wfah  a  match,  thereto  igniting 
the  prc^elUnt  charge  bi  each  bund  in 
rqndsucccsston.T1^w«apaofi(cdbul- 
ieb  wei^iing 365  g  esdi.  The  gun  Usdf 
weif^wd  30 TTw  pKJdbtN  (frre-Ianoe), 
(b),  b  an  assault  gtm.  tt  abo  hat  twenty 
bands  of  20min  caliber.  IVrwder  and  a 
hue  were  put  into  the  center  core,  which 
had  a  cominuiiicatiiig  opening  into  each 
barreLThbgunwasaioanledontliecnd 
of  a  lance,  ard  after  the  fuse  was  ignitod 
the  would  be  potosed  or  thrown 
toward  dieenesiiy.SoimHoimqiaktBM, 
Cr^pstad  BkSveifah  IVnfOKiyStoQrl63C. 
The  Defence  Matfriei  AdminMtalion  of 
Svradan.  The  Royal  Army  Museum. 
Ariov,  Sweden:  Botings;  19^  1A 


Combustion  Produds  ofFroprUnts  and  Ammunition 


leumjeUyl-  It  was  known  as  confifr  due  to  its  shape 
and  was  adopted  by  the  British  anny  in  1891  and  is 
stiflused,**^ 

De^te  the  European  propdlant  discoveiies,  blade 
powder  was  used  ahnost  exdustvdy  as  the  propellant 
in  tmlHaiy  guns  in  the  United  States  through^t  the 
1800s.  At  least  one  European  innovation,  a  nitrated 
cotton  called  guncotton  (a  form  of  nitrocdhilose)  dut 
was  invented  in  Switzerland,  was  tried  as  a  replace¬ 
ment  propellant  but  was  rejected  because  it  was  tcx> 
costly  to  produce  and  its  strot^  gases  corroded  gun 
barr^  Black  powder  was  initially  produced  in  small 
cottage  iiklustries.  Later,  powder  mills  %vere  cort- 
structed  but  there  were  few  production  innovatkms. 
This  situation  chained  in  1866  when  Alfred  Nobd 
perfected  dynantite  from  nitrpglyoerm,  blade  powder, 
charcoal,  brick  dust,  and  wood  dust  Dynamitewasa 
successful  commercial  exfrfosive  for  mining  and  exca- 
vatingbutwasnotmilitarilyagnificaitL  However,die 
flourfehing  dynamite  industry  of  ttte  latter  19di  cert- 
tury  demonstrated  that  a  rdativdy  safe  energetic 


dtemical  mixture  could  be  produced  at  reasonable 
cost  and  that  the  chemical  constituents  could  be 
modified  to  achieve  difierent  explosive  diaracteris- 
tks.  TheseevenH^gnaledttiedevelopmentofalargc, 
greatly  improved  military  explosive  aitd  propdlant 
industry.* 

From  the  begmning  of  the  American  Cvil  War  to 
the  beginning  of  World  War  I  (1861-1914),  major  im¬ 
provements  occurred  in  botti  ttie  military  propeOant 
mdustry  aitd  the  devdopment  of  military  ordiumce 
such  as  cannon  and  guns  (Hgure  10-3).  As  a  result, 
the  Spanish-American  War  (1896)  was  die  last  nujor 
omflict  in  whidi  black  powder  was  used  in 
quantities.  World  War  I  was  fought  with  r<ewcheii^ 
that  propdled  projectiles  frm  modem  artillery 
and  widi  innovative  smaller  weapons  like  machine 
guns.“« 

During  World  War  I,  two  new  kinds  of  weapons 
^sterns  significantly  increased  soldiers'  exposure  to 
the  toxic  products  of  {xropeOant  combustion:  diebatfie- 
fidd  tank  with  a  br^doading  gun,  and  die  n|rid- 
firing  madiine  gun.  The  battlefield  tank  essentially 


fjg.  10-3.  All  iwnovatioo  that  sjgcdfieandy  increased  die  poasibOity  that  soldim  would  beeagposed  to  propdbiUooiribtgtion 
products  was  the  rear- or  brcKh-loaded  cannoa  The  bnedfloaded  caroion  wac  conceived  at  least  as  early  as  the  MkkUe 
Ages  but  manufactuieTS  could  not  produce  a  tight  seal  that  would  prevent  tcak^  of  propubioR  prestuie.  A  simple 
mechanism  that  teas  found  to  be  effective  was  the 'sliding  breech  block,’' vdiich  was  used  in  ttiis  19tti-cennuy  Swedish 
eaiBion.  After  ttie  breech  door  was  dosed,  die  prstoo  cm  the  right  (the  breech  Mock)  was  moved  to  the  left  to  complete  the 
btecdi  seal  Aitother  1 9ttv<estloiy  innovation  was  the  brass  cartridge  case,  which  was  forced  ttghdy  gainst  the  inside  of  ttw 
band.  Other  devices  used  to  seal  the  breech  fardude  die  interrupted  screw  breech  Mock  (sections  of  thread  a»e  cut  away, 
alkming  the  breech  Mock  to  be  IcKked  with  cmly  a  turn  of  a  few  degrees)  and  ttie  soft  obturator  ring.  The  obturator  ring, 
located  diiectty  in  front  of  die  Interrupted  soew  breech  Mock,  is  farced  agafaat  die  breech  Mode  by  the  propdlant  exptoshm, 
fbroning  a  dgfe  seal  ScMiccs;  (1 )  Hobmptitt  BM,  Gripstad  B.  Smnfcsk  Weispimiy  Smor  1610.  Tim  Defence  Materfei  Adniiidt- 
nation  of  SwedeiuThelteyalAirny  Museum.  Ariar.SwedercBcrfags;  1982: 66.  Q)HaidingD,cd.tlfaipwis:  Alt  tofeniatwiiil 
Eacydtpnfat  fowt 5000  ac  to  >u>  2(XX>.  Lekestcr,  En^Und:  ChtOcy  Press  (WH  Stnidi  and  Son  limited);  1984. 
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Rg.  10-4. 7hrs<JtTmjn  ■VWr7;<>7fiT<sm<tkc  thfinviT)42.»>fm<»lnli’n\kot  laum'hiT.Hjs  Unit’d,  it  riKkrt  Jhjt  •iihu'Vt'd 

a  fan>;i’  of  4,‘*7h  v.irds  ^^1ch  roikti  conUintx!  x'wn  tubuUr  micK>  of  (•nipi'tbnt  «<tnposod  i>f  tvIn^vIluIoH’  anii  (ii)!lyi-ol 
dinitr.itt*  An  vliX'tnc.il  finnj;  rrKvhanism  wjn  um'J  TIux-  Utt i«-v  »vm*  ongin.tIK  uh'J  for  chi'niic.il  i>r  «.mokv  lu»r.»>',p>, 
whiih  gjx  c  riM*  to  tfk*  runx-  I  Jim  tx  w,  highi-xploMxo,  antipiTsonnoI  nn  kils  wm*  addl'd  Sount's  ( !  >  L’S  Army  Of  fko  ol 
Ihi*  CToi't  of  (Vdiwruo  Calalt^iuc  itf  f  iiiwv  <  Mitatht  M-iUtui  V«>J  I,  tutm.in  (K)  Washington,  iX  CXfnv  ol  tho  t.  hii'f  of 
OrdnatKi*  I  May  !‘f4s  (2)USArniv Ordnanvi'Mux'um  Abi’rJtvnl’TovingC>rourKl.Md  AuV'-sumHIoOKO- 

IMAK-JtiSl  O)  LS  Arms  Ordixmix’ Mux-om  AK’nlix-nlVoiingCiroand. Md  Acaxsion  HmRO-IAIAR-sW. 


cndoxxl  Ihi*  sp.w  around  its  gun  brooch  Boi.wso 
vontiblion  was  often  iiwdoqu.ito,  air  insido  ino  lank 
quickly  bivamoopprossivo  and  il  was  painful  for  the 
civw^  to  broatho-’*  When  under  onomy  fiR*.  tK’  crow 
could  ckrso  all  Iho  tank  halchix  and  bo  rvlativolv  pr«»- 
toctod  fnim  tho  outside  throat,  but  thon  thov  woiv  at 
gn*ator  risk  fmm  thoir  own  gun's  combustion  prod¬ 
ucts  insklo  tho  lank.  Chemical  warfare*  fo:coJ  xildicrs 
to  pnilivt  thomsolvosin  tho  field  by  valing  themselves 
insido  their  fortifications.  Kapid-finng  mtichirK*  guns 
produa'd  dangerous  k*‘.vls  of  larbon  monoxide  from 
incomplete  propi'lLint  rtimbustion  inside  thex*  en- 
cIoxxJ  fortifications,  for  the*  first  lime.  Iho  gas  pn*- 
duaxJ  by  the  combustion  of  pnipolbnls  was  itx*lf 
rx’porfi'd  lo  K*  Iho  caux’of  casu,illios.* 

TTh*  earliest  ivporti-d  iix*  of  nKkets  in  warfan*  was 
during  the  sii-go  of  K.iifong,  Chiai,  in  \i>  12(10,  nxkot 
experimi-nlalmn,  di*xeiopmonl,  and  ux*  in  warfare* 
ionlinuod  sporaelually  Ihnnigh  World  War  I  (K«Kk- 
t*ls  wm*  fiuxl  by  British  troops  at  the*  sK*ge  i-f  Fort 


McHenry  in  the*  tkillimore,  Misrybnd,  harbor  dunng 
the  War  of  KSI2,  an  event  that  laspired  Framns  Sexitt 
Ke*y  lo  include  Ihi*  iviwds  "the  revkot's  rod  glare*"  in  the 
xmg  that  bi*vaitK*  the*  UniU'd  Statt*s’  nalHin.il  anthem.) 
Howexor,  nflos  and  cannons  wore*  generally  more 
pe>j'uLirthannKkots,andT»Kke*tswm‘unxifeandhad 
to  K’  h.imf  made.  .As  kite  as  World  War  1,  the*  only 
rocket  propellant  uxxf,  black  powdi*r.  h.id  toK*tightly 
packod  into  the  nickrt  by  hand  to  achieve  a  high 
degree  of  ciHnprwsion  wlH*n  burned  The  lightly 
packed  propelkint  had  a  teiKk*iKy  to  Kvorm*  bnitk*. 
cr.Kk,  and  expkide.  Tht*x’  nxrkels  were  considcrvxf 
unxifeand  unsuitable  for  ux*  in  front  linc*v'' 

lk*t\sven  R.Vi  and  I  •440,  tlreal  Bnlam.  (k-Tmany, 
and  Br*  tlnilixl  Stales  imtkited  the  deivlopim*nl  of 
imprnvt*d  riK'ket  propi'llants.  Siteand  tx*1  i.ibk*chargt*s 
lh.1t  did  ruit  h.ixx*  to  K*  rtimprxxxxl  allowed  for  the 
mass  (iroduilion  i>f  rwket  lubix  arwl  other  nK'kt*t 
pills  The  Knt  ish  propel  ling  charge  t  onxstixl  of  nit  n>- 
glycenn  ts<h.‘,  mtoRvIhilox*  t4IM,  and  c.irb.imile 


Rj.  lft-5.  The  V-2  was  Ute  scoxid  'Vengeance”  or  weapon  devetooed  by  the  Gennans  for  use  against  Er^nd  and 
Belgium  in  tepnsal  for  the  allied  botnbings  of  German  dties.  The  V>l  or  'buzi.  bo;.'^''  was  a  ptlotiess  aircraft-  whereas  the 
V-2  was  the  fi^  inertially  guided  ballistic  missile  and  traveled  at  3,600  mph.  From  Peenemunde  on  th  e  Baltic  Sea,  about  1 .500 
were  fired  at  England;  over  2.1  OO  weredirected  at  Antwerp;and  about 650 malfur,ctioned  after  fi/inganJ  never  reached  their 
targets.  The  V-2  was  45  ft  10  tn.  long  and  5  ft  5  in.  in  dumeter.  It  was  powered  by  liquid  propeibnt  (4  tons  of  alcohol  and 
4  tons  of  liquid  oitygen),  which  avert  pumped  in  to  the  motor  a  rate  of  9  tons  per  minute.  The  rocket's  total  freight  was  14 
tons:  8  tons  of  fuel  and  1  tonofexpk^ve.ltiead(edanaIbtudeof75mUesandhadarangeot200m‘ics.  After  World  War 
n.  abcut  1 80  scientists  from  Peenemunde  and  300  freight  cars  full  of  V-2  parts  were  captured  by  I  IS  Army  Ordnanccexperts 
and  taken  to  New  Mexico,  where  the  V-2  rockets  were  assembled  and  test-fired  es  the  first  step  in  the  destlopment  of  the 
Ututed  States's  ballsik  missik  and  space  programs.  Sources-  (1)  CrmMn  Exptofive  Ordmmce  (Bombs.  Fuvs.  Rockets.  Land 
Mines.  Grenades  and  Igniters)  TM  9-19^2/TO  39B-IA-9,  Washington,  DC:  US  GTO;  1953:  209-215,  346.  (2)  US  Army 
Ordnance  Museum.  Aberdeen  Proving  GrouiK*.  Md.  Acce'siun  fileORD-AMMO-919 


(9%).  Carbamite  (dlethvldiphenyl  urea)  was  a 
gelatinizerand  stabilizer.  The  United  States  fomula- 
ticn  wasnitroceUulc<c(apprc»iinately60%)and  nitro¬ 
glycerin  (approximately  M)%).  Diphenylamine  was 
as  a  stabilizer,  trot  apparently  in  very  small 
quantities.’* 

During  World  War  11,  the  antitank  rocket  and  tube 
(bazooka),  the  45-in  rocket  launcher,  the  German  300- 
mm  Nebelweifer  42  (whidi  fired  single  rodeets  or 
multiple  rocket  barrages)  and  free-fUght  rockets  (sudi 
as  the  German-made,  liquid-prqjellant  system  V*2) 
were  developed  (Figures  10-4  and  10-5).'  These  three 
types  of  rockets  generated  larger  amounts  ct' combus¬ 
tion  products  per  unit  time,  resulting  in  a  grcnicr 
potential  for  exposure  to  the  so!dtefs  who  operated 
these  weapons. 

Since  World  War  11,  technoiogka]  advances  in  rock¬ 
etry  and  other  weaponry  and  the  need  for  scaled 
vehicles  that  arc  capable  of  surviving  a  chemkaliy 


contaminated  nivironment  have  markedly  inneased 
the  risk  that  soldiers  will  be  exposed  :o  the  toxic 
products  of  propellant  combustion.  Since  the  197Ds, 
increa5in5  concern  abcnit  chemical  carcinogenicity 
and  mutagenicity  has  created  a  broader  perspective 
for  examining  the  toxicity  of  propellant  combustion 
products,  extending  beyond  the  acute  effects.**  As 
they  did  in  World  War  1,  gun  breeches  tn  armored 
vehicles  still  open  into  crew  compartments;  firing- 
tube  exhaust  and  vehicle  ventilation  systems  arc 
still  necessary  to  evacuate  combustion  gases. 
Additionally,  the  development  of  improved  military 
armor  that  was  very  difficult  to  penetrate  triggzred  a 
search  for  projectiles  of  greater  density  and  strength. 
ThislcdtotheinclusioRofDUin25',10S-,and  120-inm 
caliber  projectiles  and  gave  rise  to  a  new  potential 
expojure  of  concern  for  the  srMiers  who  fired  the 
projectiles  or  who  would  be  exposed  to  projectile 
fragments.*' 


365 


ChcutmtioHd}1aM:TheSoU{nmidthelMdust7MBtse 


ProJelwH 


rlOM9H*1 


mptbis  Primv 


Igniif 


Picpilint 

Powd«r 


H|.  1*4.  Dnwtep  1, 2.  ud  3  show  Hm  genend  confignzatinns  of  prisier,  %niter,  cod  pnpelUat  mbtes  tt  typical 

aonmoiitkriL  Drawing  4  b  a  scMnumc  RpKsentttkn  of  £U»g  seqncMX  in 

the  *  exT>lo>ivg  train*  of  foe  "ignition  tram.*  A  smtH  efectxkaJ  ani/or  nwehanfcsl  (pwnmion}  sttoukHi^  inyctus  b 

intensified  dooo^  a  swcoeitkm  of  intetraediate  dai)ps  to  ohtite  optiaiom  filing  of  dw  nain 

train''  ciMwiaf  of  fCNff  sl^  stinuMng  taf^c^  primcf  bttniiiig.  ignber  binniog  (shown  only  in 

drawings  2  tad  i)  and  {Kopeibra  buniing.  Igmicn  arenot  genenSr  placed  in  snan^aUbcraowwititta 
ara  fonad  in  dw  bayonet  igaber  of  tank  gm  iwB<b  (draw^  2>  and  ia  doe*  asaodetkn  wUi  die  penpAant  ia  art^ 
rounds  (drawing 3).  Igniter  iH»s  are  gecenBy  notated  in  propoisionaKtais.  niqicilaebaR”W«xpioaivea*  ia 

that  tfwy  bum  rda^c^y  skiwty  (400  Bi/sec  or  alow»)  at  a  sotrained  rate.  la  oewtrast,  cxplativea' tike  dynanAe 

dc*otiabatl/WOtolOJOOBt/tec[m>doci>»gasadJen,row*^tJiockwaYe.Soiiioes;(l>fisiwCCLecB>trgDW.Ifllitaty 
lwnbtk»~-A!«skiaanual.b:5t.'if^Ma90KtSyi«ra»aNdr<diaKdogySm 

im(^l25DjpBrte»ntofiiwAnay.£4i«lary£qfi^.ncatisa7AisenalN^AMCOOM;19B4.TcdiiicalM^^ 
214.(3)RoatRH,F:i:DCLod:&ctaL?ir(MmDt^laiiiMS(ii^MTecbinti^awfMr(fcadsi^/wE^^ 
r«*ia**aafl^a^pt»ties(^CBiB*wsljMf«da<^ifOiu%sfcSK.Vra1.0tkIWgr,TewtCak«^ 
BntlReportAIXO«NL^/V144)GcwneIQ.I^rte«».aKKayeShiid.£«i^(ii9adbi^Eipisswesai^ 
a  Oorref,  Ub  Axxanwid  Res«7ch  and  DewdopnKfrt  Cbamand;  1 97b: 


ComtustkmPi^MtuctsofPropdlmtbsmdAmmunitiott 


COMPOSITION  OF  PtOPELLANTS 


In  most  militaty  weapon  pn^wQant  systems,  die 
kiidadoR  of  an  impetus  (usiujiy  a  peicuanon  force  or 
an  dectikal  stimulus)  causes  a  mindier  ot  diderent 
enefgeticdiemicabtobuminseries(Rg;ure10-6).  The 
compoeitkm  of  dieseepetgetic  materials  varies  among 
primers,  ignitefs,aadpTope)lants;andthethrecdiffa'- 
entdiemkal  mixes  used  vary  with  dieweaponsystem. 
In  smalKcaliber  ammunition,  as  measured  1^  die  di¬ 
ameter  of  the  ptojectikCgenefaQy  considered  tobe  less 
dian40m]n,I^diatnsedinthe556-xnmMlbrifleaiid 
the  7^-mm  madtine  gun),  die  primer  usually  ignites 
the  propellant  charge.  In  larger-caHber  ammunition 
(sudi  as  that  used  in  iS^nm  and  8^n  howitzers  and 
105- and  120-mm  tank  guns),  a  booster  charge,  known 
as  an  ^ter,  acts  betvnm  the  primer  and  die  prapri- 
lant  These  vaikxis  mixes  or  charges  (tvfakh  are  soine- 
tlmes  referred  to  ooQecdvdy  and  incorrectly  as  "the 
propeBant")  are  designed  arid  developed  by  chemists 
and  balUsticians  to  te)  adiieve  die  deshed  projectile 
motkm  inside  and  outside  die  firing  tube  (b) 
deliver  the  projectile  pa^oad  accural^  over  a  qped- 
Sed  distance.  Other  considerations  in  the  chemical 
designanddevdopmentcrfchargetindudediepoten- 
dal  toxkity  to  humaiis  horn  ooo^xxient  chemiod  iiv- 
gredienband combustion  products;thefdi)rricalsafety 
^  manufactming  workers  and  aoidiets  will  use 

diepropeSanisandammuiddoiudiesloi^Iifeofthe 
propcQ^  and  die  preservation  and  extaeded  life  of 
the  weapon  system  used  So  fire  the  ammunition,  e^ie- 
ciatly  die  firi^  tube. 

AMEDO  personnd  who  evaluate  potential  or  ac¬ 
tual  toxic  exposures  tdated  to  energetic  diemicals  in 
die  ignition  train  often  have  difficoity  kxating  any¬ 
thing  more  dian  inqmdae  qualitative  and  ({uaiitita- 
th'edescriptions of  die  chemical  mixes.  AddidooiSy, 
toridty  studies  of  corrditrtionpeDdiicts  ate  abodif^ 
culttoobtaiii.  Thcieareatleaat  two  reasons  fcR'das: 
first,  the  ooanporitions  atermilttaTify  and 

maybeclierified.oratlaamfoiitrolhdifitheirreleaae; 
and  aacomL  personnel  wiuKwoikia  the  research  and 
cbveiap— wtof.ewetgeticinateo^  often  focus  on  a 
hmited  aaeamfuBneaestuBUIiaee' not*  knowledgeable 
about  dsEhroad^gBsiBolsoploofluMittn  hesddi  effects. 
AaarTCMfi;  AMbtX>>tAysteiaiis:and-srientinc  m- 
volvediiiwteiBd^asaeswentofa  military  prosniafit  • 
nqr  aotteaiie:  to  casify/iocate  toxicite  data,  oc  even- 

i— eit  'Qte;laiiidi^dala:iBay  nofcesiit  and-the 
psapefiantfciuimlatioii  nwybeciaasifiedfarteaaausof  ’ 
nadonaiiacairity  AddsttenaSy,  several  cpixi|aAatt' 
scsentiMs  may  need  to  bemMiTiawed  hateRUBMOB-- 


aUy  cooqilete  database,  one  that  win  support  a  health 
hazard  assessment  (sec  Chapter  6,  Healdi  Hazard 
Assessments),  can  be  asseml^d. 

Pf  Imcis  and  Igitilcts 

I^rrotechnic  devices  (which  we  call  fireworks  or 
signal  flares  today)  am  alleged  to  have  been  used  over . 
I  AX)  years  ago.  However,  before  the  19di  century, 
litde  if  anything  was  recorded  about  the  manner  in 
which  the  bum^  of  the  energetic  chemicals  in  these 
devices  was  start^  The  first  modern  |Rimer,\Kdikh 
contained  potassium  chlorate,  diarcoal,  and  sulfur, 
was  proiuhiy  invaded  by  Forsydi  in  1807  (Table  10- 
!).’•“  The  first  hi^  esqplosive  IHE)  fhemkal  (nitro¬ 
glycerin  (NGD,  which  was  devdoped  hf  Sobtero  in 


TABLE  10-1 

COMPOSITION  OFPftIMEitS  AND  IGNTTEK 


Priawn 

tegredieni 

%b)rW<i^ 

FmtmcMlem 

Potassiain  chlorate 

706 

primer 

Chaitoal 

llA 

Sulfur 

17.6 

FA70 

Potassium  chkme 

53 

Anthnony  sulfide 

17 

Lead  thiocyamte 

25 

TNT 

5 

FA9S6 

Lead  styphoate 

37±5 

Tetncene 

4±1 

Barium  nitrate 

32±5 

Antimony  sulfide 

15±2 

AhunHuim  powder 

7±1 

PEIN 

5±1 

Cum  arable 

<1 

Igniter* 

Slack  powder: 

Potasstem  nitrate 

7612 

Charcoal 

1412 

Sulfur 

nil 

mdscicss  powJcfs,  mmI /or  dChcr  Mtetmets 
Sooras:  n )  leeC  KH,  M  BC  LodcS  H  at  fVoHoii  StMiy  OM 

r«(M|MC5iidMrtWrfgste.teCiWMe^ 

TawCMilUdtgcNMiondlteoi«o(7;tttlMR(|xxtA^^ 
e334/V}.  CD  OocDMtTQ.  {^Wwts.  be  Kayt  SM,  «i  «f 

i:jSfci<w*dlhti(dlixnf.VdtDc¥n.t^lSAnriiaMialtwoMtb 


0!aip>aiomtH(»!tk7htSakUermdthehAah^ 


PrimerMbdurt  PibutrCup 


1M.  Pmuiikjn  primm  in  inflitazy  uuRonitkn  stay  be  either  riavBre  Qeft)  or  cenlcffiK  (r^ht).  in  theiiaiflit  n»det 
tfaeprfangcnaytfcmaterUl  it  pUcad  around  the  rim  of  the  faaae  erf dieihdl  casing.  The  firing  pin  3(Ttli«d>e  rim  of  the  mri»I 
casing  MKi  the  percatrioofocCTtUrtstfafburidiig  of  the  primer.  Kntfaeprimentre  generally  reitrirtedtolX22-mmG»ig)<r 
amiBqnition,wi>ichi»etteiitivriyittcdincoa«ftefdidy)»1ing«inawnHk«,«ndi»alioM«6dbytlieaiffitMyto»i;aiiiwl 
degree  far  itainiiig  purpoaes.  In  cenietStf  aoBiittnitkin.  the  box  or  cop  antatoia;  the  primer  i»  kwaltd  in  the  Gtnter  of  liw 
bare  irf  fte  shdL  llie  figure  above  it  a  tqxeaeRtative  txnterfire  box,  but  dtcie  are  many  varietka  of  cmfafflre  pocttMioii* 
bfwn»^untloRt.1betnctaIatedt9BMfce  the  09  maybeaboaa  alky  C70VtiDppcrand3(Hlainc)ariQineoifaBiaelid  or  Alloy 
li»t  wffi  provide  fite  desired  aenaitivity  to  fitt  applM  peftuttfan  faioe.  Adapted  ftoai  Ckxaae  TQ.  Ptfanen.  In;  Ka3f«  SM>  cd. 
EiiqWgpBfa<>fE»pfa>fa«aadRd;tfarfftCTg.Vollf3ovg,NJ:lSAfmaiiiertBtaenidtanJDevtIopiagrtCbi«n^^ 
P372-P387. 


1846,and  other  s^nificardinqiioveinentsineDeigetic  pound  and  was  inootpontod  into  a  standaidpiiiner 

inateriabindwlatter19dtceiduiy,stiimibfn]  interest  inixcalleJFA956.'* 

aod  innovatken  m  the  phydcal  «id  cheinical  means  FMaiinginixtaresareoevelopedtoMfirendtenthe 

used  to  activate  e({rfu^  and  pTopeOant  diaiges.  iin{Xtm  of  the  igidtion  train  is  initiated,  (b)  propagate 

V^^thin  the  scope  of  most  of  the  dfccuaaion  in  dds  the  igniticctiaia  once  dwy  are  fired,  t[^(c)rdiaUy 
chapler,theiin^ti$dwktbe^theexplo6iveor%jd-  perfm  the  fint  two  fundkm  under  various  condi' 

tkn  train  can  beocnsideridtobeeidterapercussiveor  tions.  I^cxanphvcrrvinumeidaiteB^teraturesiriay 

an  dcctrka!  force.  (Oflier  means  to  iniuitte  energetic  vary  considerably  and  tire  peeteuiesappliad  to  sheB 

materials,  sudi  as  frictioiv  have  been  used  toe  later  casings  that  bouse  percusiicnprimerewaidiaiefwitit 
degree:)  In  ammunition,  tire  percussion  force  b  ap*  differ^  wanpon systems.  OMaisiunrdJoiatebata 

piiedtoeiti!ertiieiim(riirifiie)ortheoenter(centeTfire)  occaeiOBal^uaediitpriBimiiiiHifbdfcrueeinveiyKot 
o>  tire  end  of  tire  sheQcasir^CRigurelO'T).’*  enviropmenttJ  AddBtioiiaI^,thepetcuBSioitfoiceap- 

During  tire  early  1900b,  a  primer  witii  a  mercury  pBedtotheatergetieprimee  ■iatuu.cmtidbebig^or 
hdminatebaseiwfakhbbdiei^tohaveoriginatedin  low,  dryendbg  cn  the  riaiign  rv  rpibaHtoHtttoftiiesys- 

Austria)  was  rvideiy  toed  in  tire  US  Army.  Around  tem.AstiieamouatofafytadetreigybdacgaaaBd.the 

1917,  the  am^  switdied  to  a  imcnercuiic  fomsuh,  aenritivityofthepBBKrnatbebciLiBwit.  hi  joani 
called FA7Q,  which oontaiitedpotaa8iumddofate,an<  acmitivity  b  lorcmpBiiiad  by  uaiag  ttbrnarmetah 

tititony  Bulfide,  lead  thiocyanate,  and  tiiiiitrototoesie  aadaofteraUoystocowteintta  pi—,  iiiaifi  aaiiby 

CINT).  Avaitoot<FA90r),vrirfchcoirtrinedai>tin>ooy  inodi^fiBgtireooiirporitkmoftheiaiiituirjtiaifc 
saifide  and  pentaerythrit)oltgtranitrate(PETN,  which  Iheigiiitiootiabi  in  lucheiB  usually  caaebteaf  an 

icpiacxd  INI),  was  rised  hr  caliber  (LSOamtnuiution.  aqwtoa,tiwprirng,anitheptofidbiit  TlteafetuB 

PtotaawumchioratedccnByoBod  on  firing  to  farm  po-  bandectricrdiiryBbetiiataavBbalongabri^iag 
taaaiumchkxide.  IhepotaKium  chloride  was  depoB-  wircorai|iifototheprirwcr.rvhidiami^  omdahii 

ited  far  the  gun  barrel  and  qukkly  caused  extemive  KBN04.Tte  current  esqihasb  la  titetfovefopaaeri  of. 

nating.  In  1948,  bad  styi^te  was  chosen  fraaa  enetgetiemateriah  far  army rochebbtominimigetlie 

anmig  several  candidates  as  tire  leidacement  ooav-  pioActfon  of  any  aabatanoepBodnceddufiiy  firing 
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that  could  reveal  the  firer's  posddcn  (provide  a  battle¬ 
field  "signatUTe").  Substances  of  concern  are  those 
that  could  be  detected  by  infrared  sensors  or  that  are 
visible  to  the  naked  eye  (such  as  smoke  or  muzzle 
flash).  While  KBNO4  b  not  entirely  smokeless,  it  b 
considered  an  acceptable  primer.^ 

Routinely  used  igniter  mixtures  are  reported  to 
include  black  poivder  (potassium  nitrate,  charcoal, 
and  sulfur),  nitrocellulose,  mealed  gunpowder,  fin^ 
divided  smokeless powders,and/orotheTSubstances.* 

Gwi  Pnqrdlants 

All  solid  propellante  other  than  black  powder  are 
known  as  smokdess  pou'ders.  although  tney  are  nei- 
therpowders  nor  completely  smokdess.“  The  basic 
typesamongbhese  iodide  the  single-base,  whidt  are 
prepared  by  dbsohrii^  nitrocelhdose  in  ether  and 
alcohol;  die  double-base;  whidi  are  prepared  by  db- 
solvxngnibooelluloseinnitroglycetinjandthetripk' 
base^svhkh  arc  prepared  by  disMlving  nittocdlulose 
in  nitioglycetin  %viA  mtroguanidine  added  to  reduce 
the  temperature  of  the  combustion-produced  gas.“ 


Nitro-based  propdlant  chaiges  typically  (xmtain  one 
to  three  nitro  compounds  ai^  a  wide  variety  of  otiter 
added  chemicab  that  are  introduced  to  produce  a 
particular,  desired  effect  (Tables  10-2  and  10-3). 

Double-base  propdianis  are  more  powerful  than 
single-base  propeUanb,  hotvever  they  suffer  horn 
propeUant-gastempenituresIthaticancauseexcessive 
barrel  erosion  and  muzzle  flash.  Triple-base  propeh 
lants  are  similarly  powerful,  but  the  addition  of  coot- 
bunung  nitroguanidine  reduces  the  temperature  of 
the  gas  to  near  that  of  the  single-base  pn^Hants. 
Other  ingredients  added  to  smokeless  pnipriSants  are 
used  primarily  to  control  Ithel  burning  rate  and  (to] 
suppress  decoropositwn  duru^  storage.*^'* 

Recent]y,oompoundssudiasthenitrammepropel- 
bnt  RDX  (rescardt  department  explosive,  which  b 
also  called  cydonite;  see  Chapter  9,  Exfdostves  and 
Propdlanb),  whidt  have  traditionally  been  conskf- 
ered  explosives,  have  been  used  a.s  propellants.  An 
RDX-beeed  pn^rellant  b  now  induded  in  Ote  M900 
round  for  the  lOS-mm  tank  gun.  The  combustion 
producte  frcMnthbpropdlant  are  expected  tobedi^- 


TABUEIO-Z 

TimCAL  COMP(»MENTS  OF  NITROCEUDLOSE-BASED  PROPEUANTS  AND  THEIR  FUNCTIONS 
GNiqmociit  Applicatkm 


Nitrocellulose 

Nitrogi>xetin.  metrrol  trimtrate,  diethytette  glycd  dinitrate,  triethylene  glyto! 

dinitiate.  dinitiotolaerK- 
Dimethyl;  diethyl  or  dibwtytphttw  tales.  triacetiB 

Dlphenylamine;:di!!hyt  cenBabte,2-tatrodq}heByUmine.  nv^nesium  oxide 
Oiganicand  inorganic  ssdtsrof  leaddead  staimaae,  lead  stearate,  lead  salicylate) 
Carbon  Uack 


Lead  stearatfc:gi^>hite.-wax 

Potassium-3ultoe;:pota»iian  rutiatc;ayolite(poussta3ft  aluminum  fluoride) 
AmoQannnpc  chtoeatr.  amnxrtiium  rntraar 


Ahimmum 


Lead  cubecute;  tin 


Vaseline;- ontraUte 


Graphite 


Energetic  polymeric  binder 
Plasfaciiers;  energetic 


Plasticizers:  fueb 

Stabilizets 

Ballistic  modifiers 

Opadtier 

Lubricants 

Flash  reducers 

Oxidizers:  inorganic 

Oxidizeis:  organic 

Mctallicfiaels.cra»4iiikingcatatysts 

Defouling  agents 

Inert  materiab  to  deaeaae  croskm- 
Recaibonatp  steel  barrels 


HMX:  swlttcg  err^osivT 

Adaptnl  wultytrtiimwi  (ronii  liadwef  V  rxptoiitrB«ndpri>peUm>sln:iatkRE,QdaperlT.edsEac3ek;;erf»i<fai<ia»oriy<riipwfcyy. 
V<U  9,3(d  ed:  New  Yoris^efan  WikT^tUKfciZZ  Additkwwisaufct:  Ross  RH,  Pal  8C  Lode  Su  et  aL  PreWnn  OeftmiKMi  Teckmfies 

amiMttheM)iftnfarBalmman!linClmmtfm^ToxK*bgK»iPtvfrrttrfefCemtmslunProtatt$cfCmiiSpttmt.\6il.Oilk1bdfie,Tttm:0»k 
Rk^p^^fe^^ow«^I:a^^P^^lllTy;  IWB.  final  RepwtADOIOareW 
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Occupttmu}  Hetith:  The  ScUiereml  the  Imhatnat  Bae 
TABLE  1(K3 

cx>MPOsrnoN  and  selected  combustion  products  of  characteristic 

GUN  PROPELLANTS 


Propdlanis 

Ml 

M5 

MS 

MIO 

MIS 

M17 

Co«i|KMiiion,wt%'^ 

Nitroodlulose 

85D 

810 

521 

900 

203 

223 

(nitrogen,  %> 

(13.15) 

(1315) 

(1315) 

(13.15) 

(135) 

(13.15J 

NHrogiycerin 

— 

15X) 

43.0 

193 

215 

Nitioguanidine 

~ 

— 

— 

— 

547 

547 

Ethyl  txntralhe 

— 

0.6 

0.6 

— 

63 

15 

Difrfienyiainine 

UO* 

— 

— 

13 

— 

— 

Dinibotolueoe 

lOX) 

— 

— 

-• 

_ 

Dibutyl  phdubte 

5.0 

— 

3.0 

— 

— 

— 

Potasshim  lutiate 

— 

07 

11 

— 

_ 

— 

Barimn  nitrate 

— 

1.4 

— 

— 

— 

— 

PotassinJi  sulfate 

ijf 

— 

— 

13 

— 

— 

Lead  carbonate 

— 

— 

— 

— 

— 

Cryolite 

— 

— 

— 

— 

— 

03 

Graj^tite 

— 

03 

— 

0.10* 

— 

O.lS' 

Cwibastica  Pradacti,  aM»l/g  X 10^*^ 

CO 

133 

1A1 

118 

131 

1.45 

1.15 

CO2 

0.19 

a48 

0i6 

0.40 

0.14 

025 

Hj 

0B8 

034 

ai9 

a44 

0.92 

057 

Hjp 

(164 

138 

an 

a99 

083 

137 

a44 

a48 

054 

0.46 

119 

130 

’AdiMtfnqtAod 

^At  toMhng  dotHly  of  (X2  g/cnP 

Arti|»m«ri!hperiBfatfcwfamlii>JtogV.E)ytodw«iidpiof»rihwi».h:KiAKE,OitoerPF,*d».Eii(3idiyo<i»c^C>awBitT(c>iii<i|j|.Vot9, 
Med.  New  York; )ol«iVrae^  I9e0c«27. 

*llmtW,T^K.lja(kS,ettiLPNika$D<fimtmStmlfm7edmifiesmiMelko£tlitiaf)rEmit4a>sB»ammBiltiiiT»aahfia/Pnfe:tk$ef 
ri»iilwft«iilVii<Mcte<fCi«Syt(mVoi;.0>fcWdgfeTte»tONtia%g.NiaoittfUfcoCTf8ty;l»FiMlt»?^ 
^to>iLCirpewitrELF>optlMs,SoMhcK«)<SIAMtjKyrfny»d<ofE»yfaifw»«w>JMkM>la»w.VolADi9wr,N^USAwiyAiw>owiBi> 
loMwcii  tad  OpvckDpnod  CMmiwL  40^^ 


tntnoinnitmrflhiViar  baifdrmr>llanhiptt>atnwch 
BMKebydiDgen  cyanide  and  nitroiis  oxide  (which  is 
leialivdy  nontoxic  coouparad  to  the- other  oxides  oT 
nittogeii}  are  prodticed.” 


bt  jotng  mpects,  pmpeiiints  osed  in  rockets  such 
aBttKSolifier<liddStinger{ibowntttRgure64,Chap> 


ter  6,  HcaMi  Haiard  Asseasmenb),  die  Patriot  air 
defense  system,  and  the  Mult^  Launch  Rodeet  ^ 
tern  {MLRS},  are  different  from  diose  used  in  ri^. 
pistofr,  and  aitileiy  pieces.  Socsessful  rodeet 
depends  on  die  solid  Aid's  burning  so  dot  die  jpaes 


produced  fcmsefuBy  exit  real  waid,  thereby  gu>eratg» 
the  pressure  ntpiired  to  thrust  dre  lodcet  forward. 
Oae  variidile  dad  is  important  in  propubioci  is  rdated 
to  the  total  surface  area  of  the  ptopdant  mixture  diat 
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is  bting  burned  at  any  time.  For  example,  consider  a 
rocket  propellant  duuge  filling  the  entire  drcumfer* 
ence  of  the  rocket  (wal  Ro*wali)  and  running  do  wn  the 
long  axis  of  the  rodcet  If  the  burning  is  initiated  in  a 
^ple  longitudinal  hole  that  runs  tlv*  length  of  the 
propellant  diange,  then  the  largest  burning  surface 
(;-nd  the  coiKomitant  greatest  release  of  gas)  %voukl 
occurat  the  last  instwt  of  burning.  To  produce  a  more 
even  bum,  the  center  hole  can  be  made  in  a  star  shape. 
In  some  rockets  with  wall-to-wall  propdlants,  a  center 
hole  is  not  used;  the  propdlant  is  ignited  across  the 


TABLE  104 

CXIMFOSmON  AND  MAJOR  COMBUSTION 
PRODUCTS  OFTWICAL  NITROCELLULOSE- 
BASED  CAST  ROCKET  PROPELLANTS 


Low  Energy 

High  Energy 

Prop  A 

FiopB 

PrapC 

CooqMailion  of  PropeUams,  wt  % 

NitroceUulose  (12.6%  N) 

59j0 

20D 

22D 

Nitroglycerin 

24i> 

30D 

30D 

Triacetin 

9J0 

6j0 

5.0 

Dioctyl  ph'habte 

30 

— 

— 

Aluminum 

— 

20D 

2ID 

HMX 

— 

IID 

— 

SUbtlizer 

2.0 

2D 

2D 

Aimcnitun  perchlorate 

— 

15D 

20.0 

Leodstearato 

3D 

_ 

— 

CoMbuition  Products  OwisNnitioii,  uMit/lOC  g 

C 

Z12 

— 

— 

CO. 

0D> 

0D5 

0D7 

CO 

2.12 

IJO 

1.15 

li)6 

0.75 

066 

H.O 

066 

027 

033 

fh 

0.43 

0.49 

038 

Pb 

0.004 

— 

— 

AWS 

— 

035 

037 

K 

— 

020 

033 

C?H 

— 

0D5 

— 

Other 

— 

0.15 

— 

HO 

— 

— 

OIO 

ItipriMcd  wMKpcnninic^fnmLt  itoerV.Exp{aiivM«:>dpn>pcl- 
iintf  lreKM(RECMH*wlT.cd».<><yci(T«il«ii>rOirinarfr(n^V^ 
V9}9.3nie4.N«wY«i:}(i)wWilty;:9K);6C  AJdt&m]  souror 
Rom  RH,  iVt  BC  t4xkSl  ct  at  fVDMm  icfi  Srwtb  o*  TfdhMfin 

midtMtoicli’jpesfprtoatiMxafdxChraaetlmUToiicohgkj^Pnpe/tks 
CMiiwjftM  fVahtfU  Cm  Vol  1.  Ode  Ri(^  TeiQK  Oak 

Rkige  N<Uond  UbontJocy;  198a  find  RqpoU  AI>ORNL4334m 


surface  of  one  end  and  bums  lengthwise  to  the  Other 
end  (as  a  cigarette  bums).  Dep«uling  on  the  bum 
method  desired,  the  primer  compound  is  placed  in  a 
center  hole  or  on  the  surface  at  one  end  of  the  rocket^'* 


Thedouble-base  propellants  ofWorld  War  II-«ra  rock¬ 
ets  usually  burned  unrestricted.  SiiKe  World  Warn, 
however,  the  bum  of  solid  rocket  propellants  has  been 

tion 

Double-  and  triple-base  nitrocdlulose  propellants 
areused  inrockets  (Table  10-4).  Based  <hi  their  ballistic 


controlled  by  selecting  both  the  chemical  composi 
of  the  pre^idlant  and  the  method  of  burning.” 


andthennochemical-thermodynamicpr(^)erties,pro- 
pdlant  A  is  classified  as  low  energy  arid  propellants  B 
and  C  are  classified  as  high  energy.*'^ 

Inl912,workbegan  on  dtedevriopmentof  compos¬ 
ite  rocket  propdlants,  which  usually  do  not  contain 
nitrocellulose  or  an  organic  nitrate.  However,  they 
normally  contain  a  fud  sudi  as  metallic  aluminum;  an 
organic  polymer  biiuler  such  as  a  synthetic  rubber. 


which  is  also  a  fuel;  and  an  inorganic  oxidizitK  agent 
sudi  as  ammonium  perchlorate  (Table  10-5).^ 

The  Stinger  missile  is  a  shoulder-fired  rodcet  that 
provides  air-defense  protection.  It  has  an  infrared 
homing  device  that  identifies  die  heat  emitted  by  its 
target,  such  as  aircraft  The  Stinger  has  two  rodcet 


motors.  When  the  soldier  fires  the  missile  from  its 
launch  tube,  the  small  launch  motor  carries  the  missile 


a  safe  distance  away;  then  the  flight  motor  ignites  the 
compodte  propellant,  which  pn^peb  the  rocket  to  its 
target  (Tabfe  10-6).  The  combu^km  product  of  pri¬ 
mary  medical  concern  in  the  Stinger  missile  ^stem  is 
hydrogen  diloride,  whicdi  b  equivalent  to  ^drochlo- 
lie  add  when  in  contact  with  water  vapor.^ 

Research  and  development  efforts  are  underway  to 
improve  the  composition  of  currently  Added  rodcet 
propeDants.  These  efforts  are  directed  toward  reduc- 
ingcost,  improving  safety,decTeasingthefirer'sbattle- 
fidd  sigiuture,  and/or  reducing  the  possibility  of 
adverse  health  effects  from  propellant  comburtion 
product  toxidty.^  For  example,  currently  available 
composites  containingammoniumperdilorateareun- 
accepUble  because  (a)  the  hydrogen  diloride  pro¬ 
duct  as  a  combustion  product  of  ammonium  per¬ 
chlorate  forms  a  while  doud  of  gas  that  reveak  the 
firer's  position  and  (h)  the  gas  can  produce  adverse 
health  effects  in  humans.  One  ewtsideration  b  to 
replaceammonium  perchlorate  withRDXdiexahydio- 
l,3,5'tiiiutro-1,3,5-tiiazine)  or  HMX  (Jrigh-melting 
ezplosive;ocfahydro-l,3,57*tetranitro-i,3,5,7-tetia20- 
cine).  These  two  high-eneigy  explosives  would  in¬ 
crease  the  sensitivity  of  the  propdlant  (making  the 
propdiant  more  susceptible  to  explosion^  and  vmuld 
require  further  Ciodifiration  of  the  chemical  composi- 
tion  to  reduce  that  sensitivity.^ 
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TABLE  1(K5 

TYnCAL  COMPONENTS  AND  CHABACTERISnCS  OF  COMPOSITE  SOCKET  PKOPELLANTS* 


CoiBpOMBtS 

Charafterirtlcs 

Binders 

Polysuifkies 

Reactive  group,  mercaptyl  (-SH),  is  cuied^  by  oxidatjouaeartiom;  low 
solids  loadiitg  capaatyiartdtelatively  lowpcxibcmaaeemnv  mostiy 
replaced  by  other  binders 

Pdytirethanes 

p^yethers 

polyesters 

Reactive  group.  hydrox^f-OtOjisciiardwithiBocy  in  m.  l  iiurimritlite 
solids  l^ing  capacity  and  peidwaunoe 

Potyfoutadienes  copoiymer,  butacbene 
and  acrylic  add 

Reactive  group,  carbox^  (-COOH)  orhydswqdf-OH),  is  nfit  xvith 
difunetkmai  epoxides  or  aziridmes 

Terpolyineis  of  butadiene,  aoylk  add 
and  acrylonitrile 

Superior  physical  properties  and  sanragestaMiQf 

Caiboxy-termhuted  polybutadiene 

Cured  witii  difunctiona]  epoxides  oraziridines;  have  vety^aodmlids 
loading  capacity,  high  performance,  and  good  physical  pumBies 

Hydroxy-tennlnated  polybutadiene 

chaiaderistics  arid  good  physical  properties  and  lasKagcdiility 

Oxidizers 

Ammonium  perchlorate 

Most  commoniy  used  oxidizer;  has  a  htghdeiwity,  |WTWM(i  a  raigrof 

burning  rates,  but  produces  amohe  in  cold  or  hunudatmo^dwer 

Ammonium  nitrate 

Used  in  special  casts  only;  hygroscqptc  and  undergoes  pluae  rhanger.har 
alow  bumingzaee,  forms  —okeleis  oondxistioc  products 

High-energy  explosives  vROX  and  HMX) 

Have  high  energy  and  densi^,  produce  smohelem  pradnets.  J«iladiaii||es 
of  low  burning  rales 

Fmels 

Aluminum 

Most  commoniy  used:  high  deiBtyrpsoducesaa  iacnase^  ^icafic 
unpulseandBiohyasdcroewepivdutasnfaMhMlioir 

Metal  hydrides 

Provide  very  higfaiinyileefaot  gi,  »<!  d^M— ierpiair  liability,  sTtoy 
productSrhnv  dciuity 

Ballistie  Modiptrs 

Metal  oxides 

Inmmtidr  .wiet  cow— nly.ueed: 

Fmoccne  den\-atives 

Prrrrdf '  u'gndi  ml  rnrnMfrtrlwiiniug.nef 

Others 

CoohMtsfaramvfainangxaleand-vapoesspedaltypesofbaninicinodifiers 

Modipenfoefitysical  CJutrmeteristics 
Plastidzets 

Impnrveiiihiyairdpwipertiesat  lose  ttnyetatuTes  and  processabili^rruy 
yiperae  or  aipahgean  increiec  energy  if  nitrated 

Bonding  agents 

Inyririn.  idlau—adbtndertoealids> 

*ifll9C.4tdieCugg«ihctei  Acnmnitxai]  LjboMlo(y«£dMrOHMri»lBiMair(i<^Te(lMbg)r,wefk  began  on  the  dcvdopmentofcM 
ocMnporite  pnjpdUntt  to  factesu  Tht  iratbl  faimiiiiMMMkaMAappwniMeif  and  75%  poltKium  pcrddonle. 

*Cto«d:ttiftt*wfaowc<«r»typrodut«to«finWVi1«i»riM>fciinB*iiBiA;'iyyliMlwno<h«i[*d/or,»inttettble,che«wc»b,wlud»ii>>hice 
phy»icodiew<alchiiy».Soi^fM>hB  Jt<>riliui>;Trnii<i»«rfCipwrTrfrWi»»M»y?lUfe«tNw»Y(>ricV<nNc<a^R<tnlioM:19Sl. 
♦Soto  loading  c»p>dty:<he«baiyof»Wn<hir  be  added  toapropdbi*  mixture.  AHndg<»ith»h%>itf 

aototoadbigqi»otyalkwwiiiofeaid<faef  tobeaAiwfaa«t»fta»a<ri«  naeeewetytic.SottroetortteeicfiriitwicChewAPtopiteMW 
DBedo>;ale.Re«lMoneAnenalHunt$ville.AU.IVnaailr— auHna-^Inr^iDHcberlWl 
ROX-  nsevcb  depaitmenl  eiplasive 
HMX:  iMiti^cxj^otive 

l^>ri!N(d  «rtth  pcnniasion  bom  Utotcr  V.  Eiptoives  4f^  pniKtoK,  be  Xidc  KE  Odmter  PF,  eds.  Enqidki|«di*  of  Ctourf  redbaibgy.  Vol 
9, 3(d  ed.  New  Yoetc  john  waey;  1900;  624. 
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TABLE  10-6 

COMFOSmON  OF  PROPELLANT  AND  CX>MBUSnON  PKOOUC  i  o  OF  STINGER  ROCKET  MOTORS 


FropelUnt  Initredientii* 

Lanndi  Motor 

Flight  Motor* 

Cooibntion  frodoct 

Launch  Motor 

Fl^tMotor^ 

Ammonium  perchlorate 

Polymer,  carboxy 

CO 

0J5I 

0.944 

terminated 

COj 

0539 

0545 

Polyvinyl  chloride 

Resin 

Cl 

0.003 

Oi(2-ethyIhexy!)adipale 

Epoxy  resin 

H 

0569 

0.009 

Copper  chromite 

Chromium  octoate 

Ha 

0500 

0575 

Aluminum  powder 

Di(2-ethylhexyl)adipate 

H2 

1.297 

Carbon  black 

Lecithin 

H,0 

0.925 

0315 

Stabilizer 

Ferric  oxide 

Nz 

0306 

0390 

Sodium  dioctyl 
sulfosuccinate 

Aiummum  powder 

AJfij 

0.018 

0333 

NaO 

<0.001 

Glycerol  monooleate 

Ammonium  perchlorate 

Cu 

0509 

_ 

Pentozrythritol  dioleate 

CH, 

<0.001 

— 

HjS 

<0.001 

— 

CuCI 

<0.001 

— 

CtA 

0001 

— 

*Cu»ntiUtivc  cUU  are  protected  by  security  cUssification 

'^Only  the ‘liooM' gram  was  tested.  Test  results  are  suspect  because  of  disciepaiicies  in  pndxted  arid  observed  cocpbusiicn  product  values 
Sources:  (1)  Bourke  KS,  Redstone  Arsenal,  Huntsville,  Aia  to  CDR,  US  Army  Environmental  Hygiene  Agency.  9  June  1966.  Written 
communication.  (2)  Gross  R,  US  Army  Environinental  Hygiene  Agency,  Aberdeen  Proving  Ground,  Md.,  a^  Cox  R,  Redstone  Arsenal, 
Huntsville,  Ala.  Telephone  communkatem;  22  June  1992. 


Some  rocket  scientists  arc  advocating  a  return  to 
liquid  propellants  or  some  modification  of  thent  Us¬ 
ing  propdilant  chemicals  like  those  found  in  the  Lance 
mis^  system  could  eliminate  the  need  for  perchlora¬ 
tes  and  could  therefore  produce  less-detectable  com¬ 
bustion  products  when  fired.  However,  as  discussed 
earlier,  the  use  of  liquid  propellants  is  associated  with 
concerns  about  safety  issues  and,  as  they  were  used  by 
the  Iraqi  forces  in  Operation  Desert  Storm,  can  cause 
operational  delays  b^use  of  the  time  required  to  fuel 
them  in  the  field.  The  Lance  missile  syst^  uses  two 
liquids  (in  addition  to  other  eneigeticpropellantchemi- 


cab):  inhibited  red  fuming  nitric  acid  and  unsyzn- 
metrical  dimethyl  hydrazine.  When  these  two  liquids 
come  in  contact  with  each  other,  a  hypergulic  (self- 
igniting)  mixture  b  formed.  Scientists  currently  be¬ 
lieve  that  containers  can  be  made  leakproof,  even 
when  the  rocket  sustains  combat  damage.  Rockets 
with  leakproof  containers  could  be  char]^  with  fuel 
at  the  factory  and  arrive  at  their  destination  ready  for 
firing.  Furthermore,  the  chemicab  that  combiiie  to 
form  the  hypergolk  mixture  do  not  necessarily  need  to 
be  liquids;  using  them  as  geb  may  provide  an  addi¬ 
tional  safety  factor.^ 


COMBUSTION  PRODUCTS  OF  PROPELLANTS 


The  qiulitative  and  quantitative  exhaust  emissions 
from  the  firing  of  a  gun  or  rocket  to  which  a  soldier  or 
civilian  worker  will  be  exposed  depend  ona  multitude 
of  variables  including 

•  the  chemical  composition  of  the  primer,  ig¬ 
niter,  and  propdiant; 


•  the  pressure  and  temperature  in  the  gun  or 
rocket  motor; 

•  the  density  of  loading  of  the  energetic  chemi- 
cab(g/cm-’); 

•  thennalchemicaI,and/ormechanicalerosIv.: 
of  the  combustion  chamber,  gun  barrel,  shell 
casing,  and  projectile;  and 
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•  the  meteorological  conditions  during  firing, 
indudinghumidity,  wind  direction,  and  speed* 

The  only  sure  way  to  determine  the  nature  and 
degree  of  exposure  is  to  collect  samples  for  quantita¬ 
tive  analyses  from  the  person's  breathing  zone  and /cn’ 
to  analyze  solid  residues  and  determine  the  extent  of 


contact  between  theresiduesand  theperson'sskinand 
mucous  membranes. 

Emissions  from  burning  energetic  chemicals— for 
individual  and  all  components  in  the  ignition  train — 
aremeasuredinlaboratories.  However,the  laboratory 
setting  requires  that  arbitrary  decisions  be  madeabout 
the  types  and  sizes  of  test  chambers  or  devices  that  will 


Fig.  104l  Lab(»atoiy  sampling  systems  for  identifymg  propellant  combustion  products.  The  enclosure  for  studying 
emissions  from  the  M16rifle,shownin(a},was6ftxll.75inandcontained133LThediamberwasTeflon  coated  to  minimize 
gasabsorptionandwas  kept  tightwithO-ring  seals  and  valve5..After  firing,  chanbercontentstveie  evacuated  and  analyzed. 
The  tank  gun  system  was  constructed  in  a  bunker.  A  manifold  for  collecting  qiedmens  was  connected  to  an  adapter,  which 
was  a  sa>^-off  shell  casing.  After  firing,  the  end  erf  the  firii^  tube  was  ccwered,  the  spent  shell  caring  was  removed,  and 
the  sawed-eff  shdl  casing  %vith  marjfold  collection  tube  was  inserted.  In  (b),  the  collection  device  is  b^ng  inserted;  in  (c>  it 
is  fully  inserted.  Spedmera  were  collected  in  the  sampling  cylinders.  Source:  Ase  P,  Eisenbetg  W,  Gordon  S,  Taylor  K,  and 
Snebm  A.  Propdlant  combustion  product  analyses  on  an  M16  rifle  and  lOS-nun  calibn  gun.  /  Environ  Set  Health. 
1985;A20(3)'337-368. 
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be  used  to  collect  emissions.  Laboratcny  test  condi¬ 
tions  cannot  and  do  not  take  into  account  all  the 
potential  variables  that  will  influence  the  exposures 
received  by  personnel  who  operate  the  gun  or  rocket 
system.  Twolabonitoiy  test  systems  have  been  used  to 
evaluatepropellantcombustkm  products;  onefortifle 
Bring  (5  j6-mm  Mt6  rifle)  and  one  for  105-mm  tank 
gun  Bring  (Hgure  10^).  Data  collected  form  sudi 
laboratory  test  systems  help  in  both  assessing  the 
potential  for  hannful  exposures  aitd  investigating  ex¬ 
posures  that  allegedly  resulted  in  mortridity,  mMtal- 
ity,  or  bodt  In  drawing  conclusions,  however,  the 
limitations  of  these  data  must  be  recognized.  Addi¬ 
tionally,  in  assessing  reports  of  die  qualitative  and 
quantitative  composition  of  er^ergetic  materials  and 
their  combustion  products,  it  is  usually  diflkuk  and 
often  impossiUe  for  the  AMEDD  assessor  to  deter¬ 
mine  if  the  wnriter  is  addressing  the  primer,  igniter,  or 
propdlant  component,  or  a  coriil^tion. 

Printers  and  ^piiten 

Data  ate  rtot  readily  availaUe  on  the  chemicals 
emitted  exclusively  ty  the  combustkm  of  primers. 
This  lade  of  data  is  probably  exfdaiited  by  the  quantity 
of  primer  used:  primerscontributeaverysQ^pro- 
pmtkmtothetotalaiitountofenergetkchemkalsinan 
ignition  train.  When  evaluating  total  emissions  using 
^stetrts  like  those  shown  in  Hgure  lO-S,  it  is  rrften 
difBcult  to  detemuite  the  spedBc  source  chemical  Bn’ 
a  particular  product  of  coinbustion.  However,  prim¬ 
ers  often  contain  antut>ony,banum,lead,arui  pcssibly 
other  dtemicais  that  truy  trot  be  fourtd  in  odter  ignition 
train  compounds.’"® 

Descri^ve  data  on  igniter  combustion  products 
also  are  iK)t  readUy  available  in  the  scientific  literature, 
probably  for  thesarrre  reasons  that  primer  combustion 
dataarescarce.  However,bladcpowderhasbeenwdl 
studied  and  the  approximate  products  of  combustkHi 
are  available  (Table  10-7). 

Gnn  PtrycUants 

Carbon  dioxide,  water,  carbon  triofioxide,  hydrogen, 
iritrogen,  and  nitric  oxide  together  typeaUy  constitute 
approxirratdy  99%  by  volt^  of  the  total  mixtune  of 
propellant  combustion  products.^  Theprimarycom- 
bu^ion  products  of  rrtost  prcqrdlants  are  very  simiiar 
and  generally  are  ermsidefed  to  be  predictable  from 
the  charge  compositkmprfor  to  cvxribustkm.®  How- 
ever,the  total  number  of  detectab{e,different  chemical 
^wdesfbmted  during  weapon  firing  is  great  Nir>ety 
were  reported  from  tests  done  on  M16r^  fifing  and 
70  were  associated  with  lOS-iran  tank  gun  exhausts.^ 


During  the  1980s,  AMEDD  emphasized  the  major 
combustion  products:  carbon  monoxide  (see  Chapter 
11),  lead  (sK  Chapter  12),  and,  to  a  lesser  degree, 
arrunonia.*  The  irritant  properties  of  ammonia  could 
significantly  detract  from  soldier  performaras  on  the 
battlefield.  Otherq)ecies(NOx,thegenerkexpression 
for  oxides  of  nitrogen)  can  also  be  formed.  Urvderthe 
correct  conditions,  ammonia  can  be  fomted  as  shown 
in  the  equation 

N2  +  3H2 - >2NH3  +  210kcal 

Ironpaiticksmtheexhaustwhicharefonnedasaresult 
of  erosion  of  the  gun  tube,  catalyze  this  rcactiott’'® 
Weapons  modernization  occurred  rapidly  in  the 
19605  ami  with  it  grew  cotKems  about  the  adverse 
health  effects  on  soldiers  who  operated  the  new 


TABLE  10-7 

AITROXIMATE  COMPOSmON  OF 
OMIBUSIION  FKODUerS  Of 
BLACK  POWDER 


CampoBCBl 

Wclght(%> 

Cases  (44%  of  total  coaipomiils) 

Carbon  dioxide 

49 

Carbon  monoxide 

12 

Nitrogen 

33 

Hydrogen  sulfide 

25 

Methane 

05 

Water 

1 

Hydrogen 

2 

TOTAL 

1005 

Solids  (54%  of  total  anaponenls) 

Potasshim  carboiute 

61 

Putasrium  sulfitte 

15 

Potassium  sulfide 

145 

Fotasrium  thiocyanate 

05 

Potassium  nitrate 

05 

Ammonium  carbonate 

ai 

Sulfur 

9 

Carbon 

ai 

TOTAL 

1005 

Adapted  with  pmidMicRi  ham  UndMr  V.  Exptoiim  and  }«cpci- 
l»i«s.hc  K3idt9EOdaMtPF.tds.EmyiifedkriChmKMTa^^ 
Voi9,3idcd.  New  Yoric  John  IVi)ey;19intfa 
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weapons  systems.’  As  a  result,  propellant  combustion 
products  were  evaluated  more  thoroughly.  Other 
inorganic  emissions  (hydrogen  fluoride,  hydrogen 
sulflde,  cyanide,  and  sulfur  dioxide)  have  been  de* 
scribed  and  a  large  numberof  volatileorganicoombus* 
tion  products  have  been  studied  qualitatively  and 
quantitatively.*'*’ 

After  they  complete  an  artillery  flringmission  in  tire 
fleld,  soldiers  routindy  bum  any  unused  prcqjellant. 
Large  quantities  of  propellant  and  propdlant-contain' 
ing  munitions  have  a^  been  disjxised  of  through  a 
controlled  process  termed  "open  burning  aivi  open 
detonation."**  The  emissions  produced  by  open  burn¬ 
ing  aivl  open  detonatirm  have  been  extensively  stud- 
ted,and  current  results  indicate  thatcombustion  prod¬ 
ucts  f>f  tested  propellants  have  been  ft>r  lower  than  the 
levels  specified  by  the  U.S.  Envircmmental  Protectkm 
Agency  (EPA).** 

Soot  deposits  geirerated  from  burning  double^nse 
propellants  in  laboratory  ballistic  ranges  havedemon- 
strated  mutageruc  activity  as  tested  by  the  Asfes  Sal- 
mmetta  assay  (see  Chapter  9,  Explosives  and  Propel- 
Iant$,aivd  Chapter  14,Pesticides,forfurtherdiscussion 
of  mutageruc  activity  and  the  Ames  assay}.**  Because 
mutagenic  activity  had  been  detected  under  labora¬ 
tory  conditions  (using  a  gun  spedflcally  desigrted  for 
labmtory  use)  in  an  endosed,  mdoor  environment, 
field  tests  (using  operatxmal  weapons  fired  in  the 
outside  envirorunent)  were  conducted  at  Rcatinny 
ArsenaL  New  Jersey.  These  tests,  now  completed, 
were  designed  to  determine  if  the  mutagenic  activity 
occurs  in  operational  settings  and,  if  so,  what  dangers, 
ifany,  are  pceed  to  soldiers.  PFdiminaryassessmentof 
the  data  mdkates  rK>  mutagenic  activity  associated 
with  the155'mm,5.56'mm,  or  9-nun  weapons  s^tems 
evaluated.  However,  data  from  other  tests  indicate 
that  further  study  is  required  to  evaluate  the  potential 
health  risks  ftxnn  exposure  to  combustion  products 
that  are  formed  during  both  the  firing  of  othtf,  small- 
caliber  weapons  systems  and  the  burning  of  unused 
propdlant  tegs  after  the  artiUety-fiiing  missions  have 
beencomjrfeted. 

Thte  discussion  has  pertained  to  propdlant  com¬ 
bustion  products  that  are  generated  during  tliefirmg 
ofsma!l-,medium-,andlarge<aliberweap(m5.  How¬ 
ever,  combustion  products  are  also  fon^  and  re¬ 
leased  when  stored  ammunition  bums  as  a  conse- 
quetKe  of  battle  damage  or  training  accidents.  The 
nnodemization  of  weapons  that  ocoirred  during  the 
1960s  was  accompanied  by  an  effort  to  evaluate  ve- 
hide  vubteralrility  aitd  survivabUity  and  soldier  sur¬ 
vivability  on  the  battlefield.  One  area  identified  for 
critical  equation  was  the  ammunition  storage  com- 


TABLE104 

MAXIMUM  RECOMMENDED  EMERGENCY 
EXPOSURES  FOR  NITROGEN  DIOXIDE 


Time  liatit  (min) 

Omcealiation  (ppm) 

30 

10 

ID 

25 

05 

50 

SoufCR  CUvis  DL,  ExMuilve  Ducctor,  Baatd  on  Todcoiogy  and 
EnvironintnUl  Health  Hazanb,  Nadonal  Research  Gnmdl  Com- 
mission  on  Life  Sciences,  to  Ranadive  M.  The  Petttagoo,  Washin^loa 
DC  Wnttenenmnunkation:  14  March  19S5. 

partment  (bustle)  in  the  Ml  A1  tank.  The  nuijor  objec¬ 
tives  of  this  evaluation  were  to 

•  ensure  that  the  bustle  was  properly  placed,  to 
reduce  its  vulnerability; 

•  ensuretiratthebastledoorsaiKlsealsprovided 
adequate  protection  for  the  crew  in  case  of  fire; 
and 

•  design  the  bustie  and  crew  compartment  so 
that  the  crew  would  have  time  to  escape  from 
the  tank  if  an  explosion  occurred. 

The  dSG  identified  carbon  monoxide  and  oxides 
of  nitrogen  as  the  toxic  gases  of  primary  coiKerrt,  and 
asked  the  Committee  on  Toxicology  erf  the  National 
Researd)  Council  to  provide  asststarwe.  Thecommit- 
tee  used  NC^  as  a  surrogate  for  NOx  in  their  discus¬ 
sions  and  proposed  maxiimim  recommertded  emer¬ 
gency  cxposureguidanoele\'els(EEGLs)(Tab)e1fl-6).*' 

RodcetPropdlanls 

The  rocket  pn^idlant  combustion  product  ti»t  has 
teen  of  greatest  coTKcm  for  potential  adverse  health 
efftets  is  hydrogen  chloride  (^Tables  10-4  and  10-6). 
Hydrogen  dilorikle  is  rdeased  in  significant  quantities 
when  propellants  that  indude  chlorine-containing 
compoutrds  (sudi  as  artunonium  perchlorate)  are 
burned.  Insomecases,enonnousquantitiesofhydro- 
gendiloride  are  produced'.  Forexam|de,ithasteen 
estimated  that  17  tons  of  the  gas  are  ideased  in  the 
vkiiUtyof  a  ^Mce-shutiie  laun^  pad  durir^a  shutfle 
launch  (Figure  1(1^).**  The  amount  of  hydrogen  ddo- 
ride  that  soldiers  or  others  could  be  exposed  to  de¬ 
pends  not  onfy  on  the  amount  general  in  a  given 
timebutalsoonothervariablesiiiduding  rocket  speed, 
atinoq>hericoonditions,and{4rysicalbaniers  that  win 
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Fig.  10-9.  Thi’  ^|^!co  shuttle  Atlantic  is  shm\-n  being  bunched  fnun  the  Kennedv  Spjiv  Center.  Honda,  at  V>  .1  m  tFDTt 
on  l|  JuK  IWJ  Thebrge<]uantit\  of c\hile*»mokesum»undingLauRchComple\3'*ishydn>genchlondethatua*-prixiuix\i 
dunngcombustionottheshuttIe''>perch!t*rate-baM.'d,M»I)dr»Kketpropelbnt  ITiofograph  Courtesv  ofNatioMlAeninauths 
and  Space  Administration,  liousttin.  Tex  .11  )ulv  Wl.  ITuMtigraph  STSO4<*-<S)*0S2. 


contain  the  gas  For  oxampie,  a  soldier  finng  a  shoul¬ 
der-held  riKkef  with  a  perchlorate-Kised  propeibnl  m 
a  stagnant  atrsp.tce  u  ill  beat  greater  nsk  than  a  soldier 
finng  the  s.ime  weapon  in  an  open  field. 

In  most  cases,  concern  about  the  production  of 
hydrogen  chlonde  from  militarx  u  eapon  s>>tems  %v  ill 
K*  confincxJ  to  exposing  young,  generally  healthy  sol¬ 
diers  in  the  immcxiiate  \idnit)  of  the  wcket  firing 
i  lowe*\xT,  this  IS  not  alwa\-s  the  case.  When  brge 
quantiiic's  of  perchlorate-Krsed  propelbnt  are  fired 
withina  rx’btively  short  time,  weather  conditions  may 
carry  thegas  far  beyond  thefinngarea  (or  the  military 
installation  boundanes)  These  quantities  and  con- 
amtrations  m,iy  not  K'  a  mattc*r  of  cona'm  for  healthy, 
young  v*ldiers.  Howe\-er,  they  could  be  a  threat  to 
certain  a\  ilians  such  as  infants,  children,  the  elderly, 
and  those  with  cardiopulmon.rry  or  other  diseases. 


This  situation  occurred  in  the  United  States  in  l^SS 
The  Intermediate-Range  Nuclear  F»*rces  Treaty  Ks 
tween  the  former  USSRand  the  L  nitixl  States  requiixxl 
that  brge  Pershing  missiles,  which  contained  per¬ 
chlorate-based  so’id  propelbnts,  be  destroyed  The 
rocket  motors  were  destroyed  on  the  ground,  by  t  inng 
them  while  they  were  Mted  to  the  ground  hon/on- 
tally.  To  protect  those  at  nsk  off  the  military  installa¬ 
tion,  pmspectw  estudics  were  coiid  ucted  todetemiine 
the  hydrogen  chlonde  ainamtrations  leaving  the  in- 
stalbtion  under  defined  finng  conditions.  Addition¬ 
ally,  the  Committee  on  Toxicology  of  the*  Natiomil 
Academy  of  Sciences  (NAS)  awnnved  the  data  col¬ 
lected.  priKcdun.'s  to  be  ustxl,  and  exposure  enten,'. 
Specific  restnet  ions  weredex'cloped  and  followxxl  d  u  r- 
ing  firing,  and  includixJ  permissibleatmosphenc  am- 
ditions,  times  of  firing,  and  fa\jui.*ncy  of  finng." 


CONTAMINANTS  FROM  AMMUNITION 


head  or  tin  foil  is  pbaxi  in  the  propelling  chargeof 
some  artillery  ammunition  to  protevt  the  gun  Kirrel 
fromaccumubtM>nsoftx>ppiT  \Vhenthesedecoppenng 
ammunition  mundsaix*  fircxl,  rm*t.illic  lead  or  tin  may 
K*  mcMsunxl  in  the  bixMthing  /ones  of  ennv  mem- 
Kts  ”  Other  elements  includixl  in  shell  casings,  bul¬ 
lets.  and  prouxtik’s  can  also  \  apon/e  or  shear  dtinng 
firing  .indcoiitamtn,itethe  breathing /onesot  S4ildiers 


brax’ilwns  working  in  the  firing  area.  The  potential  for 
lead  exposure  has  long  been  a\xigni/ixl  as  a  signifi¬ 
cant  n.sk  to  those  who  fia'  lead  bulli-ts  in  poorly  x'enti- 
bted  aa-as  (sev  Chapter  12,  IxMd)  Bullets  may  also 
haxe  a  c««pper  )>icket,  although  the  pickets  are  Mime- 
times  made  of  stwl  The  full  metal  |.ickc't  that  is 
axiuiaHi  of  all  military  bullets  issiimi-thingof  a  mismv 
men  thekicket  onsmall-armsammunition  nwde  111  the 
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Fig.  ltt-10  The  atppcr  pcket  docs  not  awnpJetely  surround  this  556-mm  bullet,  the  type  fired  by  the  MI6  nfie: a  portion  of 
the  lead  ane  is  exposed  at  the  base.  This  exposed  lead  is  sub^  to  erosion  from  the  hot  gases  that  aa'  produced  during 
pmpelbnt  combustion.  However,  thts  source  of  lead  ts  minor;  most  of  the  lead  in  the  environment  surrounding  the  weapon 
a»mes  from  the  combustwn  of  the  pnmer. 


United  States  does  not  cover  the  base  of  the  bullet's  ammunition  or  fuel  cells  do  not  explode,  soldiers 

lead  con?  (Figun?  1 0*1 0).  Sne  bullets  have  been  used  outside  the  spall  zone  will  receive  injuncs  to  the  t)an- 

and  studied,  and  they  have  been  reconunended  as  a  panic  membrane  and  ossicles,  but  will  not  be  killed 

replacement  forleadbullctsto reduce Icadexposure.”  outright  by  the  hit.)  Detailed  data  from  thesestudics 

The  only  Iv/o  components  of  bullets  or  projectiles  are  not  available  for  public  release.  I  lowcver,  prdimi- 

that  have  raised  concern  about  their  potential  for  caus-  nary  general  information  indicates  that  exposures  are 

ing  adverse  health  effects  are  lead  and  DU.’’  DU,  well  Wow  federal  standards  for  soldiers  conducting 

which  is  a  mixture  of  (0.0005%),  -'-‘’U  (0.2500%),  their  military  missions.  This  is  not  an  uiu?xpcctcd 

and  -'*‘U  (99.7500%),  is  a  byproduct  of  the  uranium-  finding,  as  W-containing  penetrators  are  completely 

enrichment  process  and  is  of  no  use  to  the  nuclear  enclosed  within  the  round,  and  are  not  exposed  at  the 

industry  as  a  fuel  for  nuclear  reactors.  However,  its  muzzle  or  breach.  Current  assessments  indicate  that 

high  density  and  strength,  ease  and  relatively  low  exist  vehicle  ventilation  systems  and  personal  protective 

or  fabneation,  and  availability  make  it  dcsiraUe  for  equipment  (PPE)  available  to  soldiers  will  provide 

use  as  the  penctrator  in  antitank  shells  (the  part  of  adequate  protection  in  unusual  situations  where  DU 

the  projectile  designed  to  actually  penetrate  the  ar-  levels  may  exceed  exposure  standard$J4  However, 

mor).  DU  emits  alpha,  beta,  and  gamma  radiation,  DU  could  accumulate  in  and  around  vehicles  that  are 

and  may  be  contained  in  armor-piercing  rounds  of  used  frequently  as  targets, 

calibers  25  mm,  105  mm,  120  mm,  and  possibly  other  Release  of  DU  into  the  environment  can  also  occur 

U5.  Army  ammunition.''''^  if  vehicles  that  are  carrying  DU-containing  ammuni- 

Studics  to  detect  the  presence  of  DU  and  related  tion  catch  fire.  These  arid  all  other  incidents  involving 

annpounds  have  been  conducted  («)  at  the  barrel  DUammunitionmusI  promptly  be  reported  to  ensure 

muzzh?  and  the  weapon  breech  during  firing;  (M  in  that  thecorrcctemcigencyrcsponse.rapid  and  proper 

gun  barrels,  after  DU  rounds  have  been  fired;  and  (c)  evaluation  of  any  radiation  hazard,  and  appropriate 

inside  the  crew  compartment  of  an  armored  vehicle  cleanup  of  any  contamination  occur.  Procedures  to  be 

that  has  been  hit  by  a  DU  ixnind.  (Soldiers  inside  the  followed  in  these  situatioits  are  outliiKd  in  a  Depart- 

spallzoneofthepenetratinground  willbckilled.  Ifthc  mcnl  of  the  Army  Technical  Bulletin  (DA  TB).'* 
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CmbuOkm  ProductsofPnpeUmits  mid  Ammunition 


Penetiators  and  other  material  (DU  metal,  oxides,  the  environment  from  these  situations  artd  surveil* 
andotherDUoompoundsormixtureslfromDUrourtds  larKe,  if  indicated,  fall  widiin  die  area  of  expertise  of 
fired  during  test^  and  training  can  accumulate  in  AMEDD  health  jd^sidsis  and  environmental  health 
the  {^oundL  Asacsnnent  of  the  risk  to  healtti  and  en^neers.** 

IDENnHCATION  OF  HAZARDS 

Kisk  assessors  sedc  to  prevent  it^ury  arising  from  and  vrearing  respiratory  protective  equipment  Ad* 

the  use  of  pfopdlants  and  ammunition.  Their  assess-  ministiarivecontaolstoUtnittfieduiationofexposure, 


ments  are  predicated  on  defining  (a)  the  hazardous 
components  of  the  combustion  pr^uct8,(h)die  extent 
of  seedier  exposure  to  these  hazardous  products,  and 
(c)  the  contr^  availaMe  to  tedixe  harmful  exposure, 
hfentifying  whedier  die  oonqxments  of  oomtxt^ion 
products  ate  hazardous  can  best  be  facilitated  by  ac¬ 
tual  reports  of  adverse  health  effects.  However,  as 
discuaaed  earlier,  rdativ^  few  accounts  in  die  litera¬ 
ture  describe  die  actual  adverse  hcaldi  effects  from 
ei^iosure  to  propellant  condiustkm  products  in  the 
United  States  mditary.^ 

In  die  absence  of  such  data,  the  risks  to  soldiers  can 
only  be  assessed  1^  toidcdo^cal  evaluation  of  die 
mixtures^  orlyaasessiiig  the  risk  based  on  knowdfdge  of 
thebidividualoaiiqxioents  arid  combustion  products  of 
themixtures.  ObviouslyvdievatiabQityofdiepropd- 
lantS' chemical  ooii^xisition  arid  differences  in  firiiig 
oonditkms  combine  and  cause  diderenoes  in  die  t)rpes 
and  quantities  of  combustion  products  fonned— and 
dierdiy  result  in  diderent  risks  to  e^Kisud  soldiers. 

Thedegreetoudiidisoldierswillbecxposedde- 
petids  on  die  amount  arid  types  of  combust  prod¬ 
ucts  fotmecl,  the  de^KTSWR  orfiow  (the  area  corUami- 
nated  by  combustkm  products;  for  exam{de,  the  inside 
of  a  tank  or  die  vicinity  of  a  vodket  launddng),  and  die 
relationship  of  die  dispersion  vtdume  to  dw  soldier's 
immediate  environment  The  amounts  and  types  of 
combustion  products  fonned  depend  on  die  chemical 
oonsdtution^thepropelianbdieamountdiatisbuined 
per  firii^  (eg.  rifle  bidlets  ccKitain  only  a  few  grams  of 
propcllant;«riiereasdicptopellantdiaigefwhowd- 
zer  rounds  may  be  several  kilograms);  and  other  physi- 
caland  chemical  variables.  Berates  of  weapons  fire 
wfflpnjduoehigherconcenttatiocqofoooibostionprod- 
ucts.  These  conccsihations  become  hazardous  when 
leddned  wHfain  die  soldin's  ambient  environment 
such  as  when  guns  or  rockets  are  fired  firom  enclosed 
bunkers,  crew  compartments,  or  rooms  in  buQdings. 

The  conditkins  of  exposure  also  depend  on  the 
iiieasures  initiated  to  liirM  die  conoeiilrations  of  com- 
busUonproduct^inchidingventgatingenciosedqaacet 


whidiareincoiporaledintoopeiatioiulsafetyinoce- 
dures,area]so  very  important  and  arediscussed  at  die 
end  of  this  chapter. 

fogeiieral,C(mil>ataiidiriimytrairimgsceiiatfosare 
diatactetized  brief  periods  of  h^Mntenrity  fire; 
diu8,eiqposuresarelikdytobehi^inconceiitradoii, 
but  of  limited  duration.  Carbon  monoxide,  for  ex- 
auiqile,  has  been  measured  in  excess  of  6/XX)  ppm  in 
crew  ^Moes  under  rapid  tank-firing  conditions,  but 
this  ooncentratkn  decays  rapidty(I%ure1(>'ll).*  The 
tank'svducularvendladon  system  pnxluccsdierapid 
decay,  returnh^  carbon  monoxide  to  concentrations 
at  whidi  tbe  crew  can  continue  to  function  without 
adverse  effects  on  health  or  perfonnaaice.*  The  breech 
scavenging  system  prevents  gases  from  entering  the 
crew  conipaitment,  but  once  gases  are  in  die  crew 
compartment,  die  vehide  ventilation  system  must  ex¬ 
haust  the  compartment 

Industrial  workers  may  be  exposed  to  much  lower, 
but  often  increasing  and  cumulative;  carbon  monox¬ 
ide  exposures  over  a  workday.  The  Occupational 
SafetyandHealdiAdmijiistiatiott(06HA)hasestab- 
lisliedapenniss3>lecq>osiirelevel(FEL}of50ppmfor 
carbon  monoxide.  Atanend-of-shiftexposure^50to 
1(X)  ppm,  symptoms  of  headadie,  giddiness,  and 
tinnitus  coidd  occur  among  the  wotk^  Awoiker 
exposed  to  persisting  cail^  monoxide  conoentra- 
tkx»  of  6/Xn  ppm  wmild  (jukkly  become  afliected  to 
dw  point  of  developing  uriconsciousiiess  arid  coma, 
and  could  die  if  not  removed  fiom  exposure.* 

Asecaaing  Toxic  Hazards 

Before  weaponsenterfuH-scalepioductioivdieatnty 
requires  diat  afl  systems  being  elevdoped  CMT  uiidefgo- 
ing  mi^  revisim  be  cvahttlod  for  didr  potent 
deletetious  effects  on  the  health  of  the  crew;  this  is 
known  as  the  Healdi  Hazard  Assessment  process 
(HHAlaiidisdiesabjectcfChapterfi.^  Aspaitof  this 
evahiadortdieariiqrhasdevdcfseditsiidanhzedtast- 
ii%  procedures  to  detenniiie  potential  toxic  hazards  of 
vehicles  and  odier  equipment*  Weapons  mcxtntodin- 
sktevehidesor  on  odier  weapons  platfonm  are  tested 
during  sustained  rates  of  fireand  under  variousopera- 
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^t.M-lLTliiagtiplifcet«iqp4<^bitedoa«du»tnw>wiitHMnti,>h(iw»typfc»lcMfa<>a«aon<»dde(CP)coi>cn«lf*Uow(in 
ppwQiiiiiiitlfat  crew  ooiHpirtiixBt  of  Ml  <niKirod¥cidcigdnTiiig<  firing  laiwionMxl  fee  flpCTiiig  of  lhtguiibrgtch.EltiWfl 

<ir  t«nylM  (Q;  throogh  were  obulned  at  15->ecood  intend  tad  inalyzfd  foe  CO;  the  data  were  otrapcrftWd  to  «n 

eqpecled,ooafeiDomooi>OH>treUoiicttiTS.  The  MM  under  fetcunrePMiybtwpwjBifwHyodHIftitoIwteynliindsnaitrato 
feetofilcMioaitinfe)ftofOOcKpo>urefbf  nghren period  of  fene.Incren>fag  fee  wiinbtf  of  nvwHUWPwntpotefeinipwHret 
fee  degree  of  nocniicy  in  oJcaleting  fee  Mce.  In  feit  wampfr,  fee  firing  and  cnrinamenie!  conditions  remited  in  an 
eitimrttd  nutxfamnn  CX3  conomtration  of  ahnott  3,000  ppm  at  approodmetriy  40  rccond*  after  firing  eowmenced.  The 
wnHletion  sjfalHo  of  fee  eehkiecop>patto>ent,  and  pertiapeatieecligmcawnglngiyitrtw,  returned  fee  CO  concenlraHoo 
tonearbBreiii>ele»riiinaboiit25mimrtei>Thieein[inyleal»ofllurirate»hi^t>ai»e^OOIeve>>,ew»edinglOOp|)«n,infee 
trdddeaewyaoe.  Daring  actual field-firfeg«ito«fiona,  file  not  unuecaltofindaemalannofedvriiido  in  doaepnadmUy 
wife  fecir  enginea  running,  enecuUng  multiple  firing  mteriona.  Tliercfofc^  ttaeelineleTde  nty  be  (fetained  due  to 

anexlunmed  CO  fromaneMliet  firing  mierion  or  OOftomagunnwgileocengineerihanit  feat  haaenleied  the  veiiictebeing 
studied  ferou^  an  opened  haldi  or  vent  In  1983,  CX>  levria  were  monilofed  inside  fee  crew  shdtcn  of  a  battery  of  M109, 
ISSinm  seif-propriled  howitzers  at  Fort  SOI,  OUa.  firing  was  oowdurted  wife  fee  hatches  open;  fee  environmental 
conditions,  cspedalljr  wind  dircctiott  and  ^teed,  concentrated  exhaust  products  around  one  particolMvehkie  in  vdtkh  fee 
caiboKyhwnoglobin  levels  h>  fee  crew  were  W^rer  than  in  crew  meetbers  of  fee  other  vridcies.  Sources;  (l)Dultt)nBA,Peetef 
DP,  Gqrdos  )C  Ur^Mfeiisfard  data  fitom  a  fi^  study  perfbnned  at  Fort  SfO,  OUa,  23-26  April  1983,  by  fee  Ooa^Mtiona) 
Medicine  Oiviskm,  USAEHA.  O)  US  An»y  Cbnfeat  %stens  Test  Activi^.  U5  iiraay  Teri  and  firriwctiori  CiiatMMil  Test 
OprretiaKS  iVoonhire;  Toxic  Hizerfe  Jbr  Vehido  and  Offer  Eftopmoit  Aberdccsi  Proving  Grouitd,  Md:  DA;  196<.  Rqjort  TW 
2-2'4l4.0)lncMTA.Mttiie4eiegyimiotigKtimtfrojkGttsMeaimmei<tsDKrmgViktp^FirmpfromV<idcieaVIIAMo^ 
Final Jtryorf. Aberdeen PnwingGroaiid,Md:  16 Army TeslltEvaloatic  Oannmand. T£OOM Project 7-O)-PP9-AFl-0Cg; 
196t  AIX^^-SSK.  (4)  Dabon  BA.  CMtoo  inonadde  in  US  Arc.  y  tactical  vehicles.  Mofiaf  fiKlIefm  <f  fee  US  Anny 

Ma(M  Deparfiwiif.  1908;2;11-13.  PB  fr88. 


as  vrirti  thrfrpnginea^ventitat* 

ifigsy8teir>i;he>teH;andiHidear,hit)ki|^caI,aoddien>i- 
ad(NBOpro(ectlcins7sle>Rstimiedoaandoff.*  The 
testing  pieaimes  all  aotiroes  of  coerjbustionpiodnctsin 
fee  weapons  syslem,fatciodiiig  the  weapott*s  propel* 
laid  arid  fee  v^ide^sfadCeogfeiistionprodoctsof  fad 
could  enter  fee  crew  compartment  as  eduHist  gases). 
Vddde  dew  compartments  «e  sampled  for  caiiion 
monoxide^  ammonia,  solfiir  dioxide^  nitric  oodde,  id* 
trogendkoddey  methane,  hytirogen  chloride,  leud,  and 
sh^-ciiain  hydioceihom  such  as  acetylene  or  acetal* 
dehyde^  CSan^plingdeQaionsaiehnsedontltecoo^po* 


sMon  and  conditions  of  ooihbustion  of  feepropeBaids 
and  vdiide  fuel,  and  dqrcad  on  whether  feeseehemt* 
cals  are  expected  to  occur.) 

Studies  That  Predict  Toxic  Expoauies 

Rdativ^  few  studies  have  eifeer  assayed  fee  ac* 
toalpropdlant  combustion  products  feat  form  during 
firing  in  fee  field  or  aaseaMd  fee  risks  experienced  by 
toUSen.  Within  certain  limilations,  field  studies  can 
demonitiate  fee  major  toxic  species  in  oopytet  mix* 
turesofoonibustion  products.  Reid  conditions  such  as 
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temperature,  humidity,  the  maintenance  of  the  weap¬ 
ons,  and  the  chemical  composition  of  thepropeOants 
thatare  employed  an  influoice  the  mixhue  of  combus¬ 
tion  products.  Instniments  that  are  sophisticated 
enough  to  identify  minor  or  trace  specks  in  these 
mixtures  are  not  piacticaUe  in  the  fieki  because  they 
are  too  large,  will  easily  be  damaged  under  fidd  con¬ 
ditions,  or  both.* 

One  study  has  highlighted  the  difficulties  in  sam¬ 
pling  for  combustion  products  in  the  crew  compart¬ 
ment  of  the  XKC  (the  prototype  for  the  Bradley  light¬ 
ing  Vehicle  IBFVD  and  the  M19S  howitzer.^  Sp^ 
portable  collection  equipment  was  desgned  to  render 
leliaUe  results  given  tfw  time  between  fidd  sampling 
artd  laboratory  analysis.  The  samjJing  equipment 
failed  durir^  the  XM2  fidd  analysis,  and  accurate 
assessments  of  attunonia  concentrations  could  not  be 
rtude  Neveithde9s,fiddaralysiswasabletodemon- 
strate  die  major  q}ecies  produced  fdlowing  weepons 
filing  (hydrr^en,  carbon  monoxide,  carbon  dk^e, 
and  methane^  and  the  r-duction  of  these  concentra¬ 
tions  after  die  veHdes' ventilation  systems  were  acti¬ 
vated  (Table  1:7  9X 

Due  to  die  dlfficuli ,45  in  fidd  sampling,  laboratory 
analysb  df  prc^dl»:tt  filing  has  beet  conducted  in 
laboratory- c' :*it  fixtures  such  as  those  shown  in 
RgurelO-8.  Thici‘  ^«i^tvre»--<q>eciallydesignedchaix)- 
bers  that  aHow  weapons  firing  and  samf^ing  of  com¬ 
bustion  products — have  pemfitted  over  100  chemical 
qrecksto  be  identified  frm  the  combustion  ofWC844 
propellant,  idudi  »  used  in  MI6  ammunition,  and 


TABLE  10-9 

ANALYSIS  OF  GAS  SAMPLES  WJTHm  THE 
CREW  COMPARTMENT  OF  THE  XM2  ArrER 
WEAPONS  FIRING 


Concaatr^kns  (pf) 

CoaqxiaiMi* 

rw-AcfiveVdiide 
VentOatioa  SyaieiB 

POahAclivc  Vehkic 
V.irtnatkaSystaa 

Hi 

312  i  2 

39.911.2 

CO 

m±S9 

.:50 

CO, 

995  ±26 

313x5 

CH4 

11.40±025 

3.4110.42 

Ctyuipiiicntfailim  pfWcntrdiMMuieiMntotNK} 

Adqned  from:  Snebou  A.  Am  P,  Boefc  W,  Buder  X.  CkmKtmartMR 
of  Cemkmtton  Products  from  Mibletjf  ProftOmH.  Fort  Dcirld;, 
IMerick,  Md:  US  Army  Mcdka)  WoengtMcring  XcMMcti  and 
Dmiopinent  Laboratory;  1993.  IH*  ReMmdi  in^Mute,  Cbntract 
DAMDI7-WVC-0019. 


over  60  chemical  specks  fienn  XXX,  which  is  the  name 
of  die  propellant  used  in  the  MIJRS  motor. 

In  an  attempt  to  characterize  die  concentrations  of 
major  combu^ion  products  from  successive  rocket- 
motor  firings  in  urban  tenain  (eg,  if  shoulder-held 
rocket  ^sterns  were  fired  from  an  enclosed  room),  a 
test  £adi^  was  constructed  ciical973atdieU5.  Army 
Missile  Laboratory  at  Redstone  Arsenal,  Huntsville, 
Alabama.**  Tests  perfbemed  at  this  fadlify  dearly 
demonstrated  that  weaponscrews  could  beexposed  to 
carbon  monoxide,  lead,  and  nuisance  paitides  in  ex¬ 
cess  of  the  short-term  exposure  limits  (STELs)  estab¬ 
lished  by  the  American  Conference  of  Governmental 
Industrial  Hygknkk  (ACGIH}*and  OSHA.*' 

Several  computer  models  are  available  to  predict 
combustion  products.  These  computer  programs,  de- 
vdoped  by  AmerkanCyanamid  Corporation,  Wayne. 
New  Jers^  Stanford  Xeseaidi  Institute^  Menlo  Park, 
California;  and  fiie  National  Aeronautics  and  Sjpaoe 
Administration,  Washii^lon,  D.  C,  are  under  con- 
tinua!  modification.  Wl^  the  primary  purpose  of 
these  programs  is  to  solve  ballistic  problems,  fiiey  can 
also  produce  estimaies  of  contamiralion  firom  com- 
bustim  products.  The  programs  are  used  to  com|^ 
merit  chemical  analyses  or  to  alert  chemists  to  spe:^ 
that  must  be  kitJud  for.  The  predictions  hav :  liA-n 
compared  to  actual  fidd  and  labocaH-.y  samf^ing  of 
theexhaustsofvariouspropdla»ts;theooncentiations 
of  the  predicted  major  dicmkal  specks  agree  fidify 
wdl  wifii  those  that  are  actually  measured  throu^ 
laboratory  firir^  Hovmrer,  these  is  poor  agreement 
for  the  minor  and  trace  (eqiecialfy  organic)  species 
produced  because  thecomputersaiecoiMtopioduce 
at  theimodynanuc  equiHbrtuin  conditions  and 
do  not  consider  nonequSibratioR  ptoceases  such  as 
iticomplete  corribustion  or  oondeiisation  ^oot-fmna- 
tion)  processes.*-**  Contimied  rcseatdi  through  fidd 
studies,  laboratory  simiilations,and  computer  ptedio 
five  modeling  is  necessary  to  generate  the  infornution 
needed  to  >:»sess  ana  reduce  the  risk  to  soldiers  fiom 
ptopeOanf  rop*us>xnt  products. 

Toxkolcipm  Asar  iiment  of  Combustion  Products 

Sofdiisficated  chemka!  analyses  havebeendevd- 
oped  for  laboratory  use  that  can  identify  hundreds  of 
compounds  found  in  weapons  exhaust  and  analyze 
themfortfidrtoxkity.  Inmostca9es,theinunedialely 
toxic  properties  of  ^  exhaust  are  determined  by  the 
predominant  ^ledes  in  the  mixture:  Predictions  of 
toxkofogkalrisksofexposuretothecoinbustionprod- 
octs  of  propellants  are  made  by  comparing  the  mea¬ 
sured  concentrations  of  fiiese  individual  cooqxmenls 
to  the  establislied  health-based  standards.  TheNAS 
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wamn  10-1 

EXPOSURE  ASSESSMENTS 

Ibii^  die  primer,  ignte;  ami  pixjpeiLuit  am^pcNincIs  described  in  Exhibit  TaMe  1,  bbonioiy  studies  were  <kme 
to  qualitative^  and  quantitidivelyaMeM  dieoxi^ustion  productsgenented  dining  die  filing  of  die  M16  liSeand  die 
lOS-oun  tank  gun.  Exhibit  TaUe  2  lists  the  ure^  of  adMtedcoadiustioa  products  per  gram  of  piopeOant  burned. 
Let  us  say,asexaiiqrfes,diatAMEDO  personnel  were  asked  toasaess  die  following  situatiofis  for  their  heaUiiisia: 

•  Hting  200  rounds/min  of  M16  ammunitkiii  over  a  period  of  15  Bdn  in  100  m^  of  air  q»oe 

•  Firing  4  founds/min  of  105-nun  tank  gun  ammunition  over  a  period  of  15  min  in  100  m^  of  air  ^»ce 

These  two  ntnaHnw*  are  «t«nfUr  to  many  that  aie  regularly  presented  to  AMEDD  healdi-risk  assessors.  These 
situations  occnrduringlheUldesign  and  testing  of  new  or  modified  vehicles,  guns  and  ammunition;  (Wdevciopnieiit 
of  new  training  exercises;  or  (cldevdopment  Of  revision  of  test-firing  laboratories  where  guns,  gun  parts,  ^/oc 
ammunitiem  are  routitidy  tested.  The  standardasurjpodriinestised  in  the  evaluations  may  copiefromtheCXxupational 
Safety  and  Hesldi  Administration  (OSHA),die.Mnetkan Council  of  Govenunentfodurtrial  Hygienists (ACGlH),tiie 
National  Institute  for  Oociqwtional  Safety  and  Heahfa  CNIOSH),  die  Committee  on  ToxiccSogy  of  die  Natkmai 
Academy  of  Scienoes,  or  may  be  devrioped  by  the  U.Sl  Army  MedimI  Department  (AMEn».  In  this  exanqiie,  let  us 
say  that  AMEDD  assessors,  by  agreem^  win  use  the  ACGlH's  Thresh^  Limit  Values  flLVs)  as  guidefines.  The 
^iecific  oonqiounds  of  inte^  to  die  M16  will  be  limited  in  this  example  to  carbon  monoodde  (CO)  and  hydrogen 

cyanide  (HCJf);  for  die  lOS^nm  gun  these  win  be  00  and  benzenefC^Ht)-^******^******"”*****^***^****^*^*^ 

emisrion  product  for  which  data  or  information  is  available. 

The  givens  are  (s)  the  propdlant  weights,  (b)  die  imaibcr  of  rounds  fired  per  mitmte,  and  (c)  die  number  of  mittutes 
during  which  firing  wiO  occur.  Therefore,  using  simple  muh^ilication,  ^  propdlant  mass  required  to  generate 
cnaibttstkm  products  can  be  calculated: 


FbrtiieltlCMfe: 

WaUhtotPropaaent:  lASgfcartifilgefraurKl) 

Rounds  par  min:  200 

OwaKonotfirs:  ISmbi 

Tctsl  msts  ot  propslsnt  burtisd:  4.95fcg 

ThsIMsIainouiesofCOandHCNproduosdcanbeob- 
tskisd  by  muHplytno  dw  total  propsisnt  bumsd  hmss  Via 
amounts  ol  CO  and  HCN  produoad  par  unM  weigM  cl 
pnipalant; 

Air  CO; 

3.37  X  tort  0  el  CO  ars  pioduosd  psr  g  of  propslsnt  bumsd. 

Tlnrafors.  3.37  x  10*1  g  X  4.95  kg  « IM  X 109  g  «t  CO 
sre  produced. 

forHOt 

•x  10**  gctHCW  art  produesdpsrgolpropslant  burned. 

Thsrslote.  •  X  lor*  g  X  4.95  kg  •  3Jt  g  ol  HCN  are 
proAiced. 

Assuming  Iwt  tie  shots  ars  Iked  fei  a  apaos  el  100  m*  iv*i 
no  ak  dMoft  over  Iw  15-min  period,  tw  amounts  of  CO 
•nd  HCN  produced  by  tw  Mil  fkkigs  uM  aoeumuMt. 

The  aocumufeted  vakiae  are  im  dMdad  by  1 00  nf*.  tian 
compered  to  tie  epprepriele  TLVs;  9ieee  ere  found  to 
grsaty  eseeed  tie  TLV  vakies: 

AsrOO;(TlV-S7m9tn*) 

19J9  gkii>  -  292.M0M  grssSsr  tian  tie  TLV 

AsrMCflfcfRV-llm^ 

394m^»3j94oldgreeisftientieUV 


Per  tie  ICt  mm  Qua: 

WeigM  el  Propelint:  5A4  kgMiel  (round) 

Rounds  per  mki:  4 

OuntionolIrK  ISmki 

Total  mass  of  propslanl  burned;  328Ahg 

The  amounts  ol  00  and  CaHs  fotoMt  when  tie  105HnR 
gun  is  Iked  ere  compulsd  and  compered  to  tm  appro* 
prists  TLVk 


AsrCO; 

2A  a  101*1  got  CO  gsnsrstsd  par  got  propslsnt  bumsd. 
Tharslors.  2.4  X  10*1  g  X  32&4  kg  •  7134  X  lO^gol 
CO  are  produced. 

AsffVife: 

93x10r>gctC,lfieregsnsrsSsdpsrgolptopsisnt 

burned. 

Tharalore.  93  X 1  or*  g  X  321.4  kg  «  3033  g  of  C^ 
Ajiki,  tie  TLVs  are  exceeded  (aseuwkig  an  uwriMed  air 
apace  ell  00  ni*). 


Asr  00;  (TLV  ■  S7  ni^n(i>) 

793  ^  -  13,737-loM  greefertun  tw  TLV 
Asr  CW  (TkV  -  32  mgihi*) 

300  mgAm>  ■  9.440U  graaiar  tian  tie  TLV 
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Exhibit  10-1  (amtinued) 
EXHIBITTASLEl 


COMPOSITION  CHF  ENERGETIC  MATERIALS  FOR  TWO  WEAPONS 


M14  Ufk  ffnpellast  k  SJ4«ai  Amaraaitian) 

105mm  CalibtfGna 

OUnWCMI 

PrapeOckflASg) 

Primer  (0482  g) 

PnprilMtf544hg) 

M«  Igniter  (32g> 

Conqwwiit  Wci^(«) 

Compoinf  Wci^<%) 

Wci^(%) 

Wei^(%) 

hSmsBiiii 

Leadnypimale 

35±5 

lAraorihiloae 

2055 

Nibocelliiloae 

MjO 

aos-uso 

TctOMM 

4tl 

Nitio^eAln 

UnnbNdblack 

04 

Biliun  Aknlc 

3215 

125 

poivdei* 

400 

ijmiitMiii  niMilr 

05 

a±2 

t£lfO|dl<arin 

r>rx 

AKiwtonrfi  powder 

711 

Nftrpgywdfttitf 

47jOO 

KHwgyfaria 

IjO-115 

FEIN 

511 

CMlie 

ra^oBmoK 

031 

W^HKIIjMlWlV 

(^5-150 

Ofganlo  binder 

Moan 

154 

Dlaii]%lahalaie 

3XMO 

024 

Total  edatiWa 

<2j0 

Carbon 

013 

balawre 

^Hieipcdficcocipoiitiopof  tiicuwnbMdbhdcpowIcf  wMftotdefwd.  Bbckpowfcf  coByotitioftttypioBylfeintfagipllowii^ 
i«iy«;diticod|,14%-18%;«MtfiirtO>-16%;«irfpotitifamor»odiumi>te»>t;,IO%-74*.‘niecowipc«iHcii«ndaiiw>intofpriiiitf*ii«» 
not  gmn.  The  primer  naw  waald  probilbiy  be  <  ai  g  and  iwroold  have  a  aqil^gftie  iayict  ctt  riie  oeegJI  corribmrioft  piixiuriioii 
gecMrikm. 

SoueoeKd)  A«eP,BieabergW, Cordon  S.TqtoK,  and  SnelmwABtopefleiitceiabtminiipeodtictanalyiei  on  an  MlSiMeandlOS- 
IMB  afibcr  gust  /  £riwm  Sd  HeaMb  I9t6;A20O)-337-^  (2)  Roaa  ni  lU  BC  ldd(  Sk  ct  aL  IVsNot  De/Mim  SMy  m  TirM^ 

lUlge  Nataial  Lrixuiorr^MA  HmJ  Rcp^ 

EXHIVITTABLE2 

GASES  DETECTED  AND  QUANTIFIED  IN  C(»fBUSnON  PRODUCTS  OF  TWO  WEAPONS 


MltUflc  leSMCalftctGai 


CipcciBMBte 

Cempmmd 

Mcmi* 

±SD^ 

mm - • 

MWMI 

±sd’ 

5 

357*  10> 

5 

24x101 

11 

7 

flfUlOBnl  Vf  MMLIf 

800*10* 

52 

_i 

6 

m - 

veromt 

124*10* 

18 

92*10* 

41 

« 

a  ■  _  a  -  _  JO  - 

ACf)waKnte 

234*104 

57 

85*10* 

59 

6 

Tobaic 

102x104 

9 

22*10*. 

28 

4 

CxanobenoBie 

901*10* 

24 

0-51*10* 

4 

Crotondrile 

143x10* 

24 

O-13*10-< 

_} 

4 

Paem 

1.10*10* 

90 

O-U*10^ 

4 

15*104 

39 

OJOslO*! 

4 

MrihacTyloairth 

74*104 

38 

0-14*10^ 

4 

Qoinailnc 

51  *104 

SO 

0-14*104, 

_t 

4 

45*104 

44 

0-23*10*’ 

-5 

4 

2-ftufiMal 

35*104 

52 

0 

-5 

4 

^  »  nt—  am  j_ 

n  mwwwMi  CT^mxmwm 

10*104 

54 

52*10* 

49 

4 

nCKMW 

12*104 

40 

55*104 

50 

4 

IlldllB 

30*10* 

73 

1.1*104 

49 

CrawaoCcompoimdperpimcfprcpeteBUaned 
^  ii  gf*«  aa  the  penniage  of  die  mean 
iNo  adoopt  to  mcaauK 

RMwc  a  Tidge  of  ealnct  ia  indicMed  eadicr  dun  dll  peroeaK  aiandafd  dmdadon  of  die  maai^  die  mnge  ooveia  mMmcmi  and  maximinn 

Somoe:  AaeP,  Bacfteig  W.  ConlonSvTajte  ILandSwiaan  A  Prapdhni  oonAuadon  pndootanaljMa  on  anMKrifleaad  lOSmn 
callicr8an./£mirM  SdNadA 
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has  established  standards— applicable  to  short,  inten*  chronic  disease,  or  carcinogenesis. 

sive  periods  of  weapons  Hring—in  the  form  of  STELs  Riskassessmentsofcombustionproductsshotildbe 

that  are  especially  i^evant  to  the  US.  Anny.^  aitd,  eventually,  will  be  based  on  the  total  mixture." 

The  effects  of  ^ch  combustion  product  on  different  Neverthdess,  until  methodsare  established,  validated, 

target  organs  determine  the  total  potency  of  chemical  and  staitdardized  to  toxicologically  evaluate  all  pto- 

mbctuies.  Interactions  between  these  eff«1s  can  be  pellant  combustion  products  simultarteously,  the  cur- 

additive,  qmergistic,  or  antagonistic,  and  can  produce  rent  method  of  basing  risk  assessment  on  the  major 

acute  and  chronic  medical  problems.  For  example,  in  species  produced  will  have  to  suffice, 

animal  testing,  carbon  dioxide  may  have  a  protective  An  example  of  the  types  of  calculations  a  risk- 
effect  in  high  coiKentrations  in  reducing  carixmmon-  assessor  mi^t  use  in  assessing  health  risks  to  soldiers 

oxide  deaths  (an  antagonistic  effect).  Particulate  mat-  isshowninExhibitI0-1,inwhiditheknownweightof 

ter  may  interact  with  sulfur  dioxide  to  enhance  the  propellant  is  integrated  with  data  obtained  horn 
bronchwpasm  over  that  expected  from  sulfur  dioxide  testfiringsoftheMlbrifleaiulthelOS-mmcalibergun. 

alone  (a  ^nergistic  toxicological  effect)."  C}ften,thecakulationofanexposuneatanygiventime, 

CuiTently,themilitary'sprimaryem{diasisisonthe  or  over  an  interval  is  complicated  by  the  episodic 
identification  of  the  major  dtemical  species  produced  nature  of  weapons  fire  and  by  the  ^udon  of  the 
so  that  the  acute  effects  on  a  soldier's  perfofpumce  in  soldier's  ambient  air  with  dean  air.  In  situations  like 
combat  can  be  predicted.  The  levd  of  exposure  to  these,  it  will  probably  be  necessary  to  (a)  plot  the 
these  major  species  can  be  used  to  produce  an  assess-  concentrations  of  the  toxic  chemical  over  the  interval 
ment  of  risk  with  regard  to  incapadtation,  morbidity,  of  interest  and  (b)  determine  the  exposure  over  the 
and  mortality.  The  emphasis  on  immediate  perfbr-  entiretimethioughaprooessofintegrationfdefinethe 
martce  is  necessary  to  ensure  that  soldiers  can  effec-  aieaunderthecurvelCbnsuItationwithtoxicdogical 
tivdy  perform  th^  tasks  and  accomplish  their  mis-  experts  may  be  required  when  attemptiitg  to  estimate 
skms;  but  exposure  to  minor  or  trace  amounts  of  the  combined  eflect  of  multiple  toxic  chemicals.  Sudt 
oombustionp^uctsisalsounpottantandcouldserve  consultation  has  been  obtained  in  dte  past  from  dte 
as  a  risk  factor  for  delayed  health  effects  such  as  toxic  CommitteeonToxicdogyoftheNAS"  and  the  Armed 
effects  on  the  reproductive  system,  the  production  of  Forces  Epidemidogica]  Board  (AFEB)." 

HEALTH  EFFECTS  OF  EXPOSURE  TO  AIRBORNE  PRODUCTS  OF  PROPELLANT  COMBUSTION 

Properly  assessing  the  potential  for  adverse  health  As  previously  noted,  exposure  to  the  combustion 

effectsassodatedwiththeoperatkmofmilitaryweap'  products  of  prppellanis  ir^udes  coming  in  contact 
ons  systems  is  often  difficult  or  impossible  because  withgasesaridparticulatematter.  Thegreatesthazaid 
exposure  data  from  operational  settings  are  laddng.  to  soldiers  is  from  the  inhalation  of  these  substances. 
There  is  a  pressing  need  for  expanded,  systematic  In  turn,  the  health  effects  that  devdop  depend  on 
study  of  field  exposures  to  devdop  precise  guiddines  whether  and  where  deposition  in  the  respiratory  tract 
forbothpreventingadversehealtheff^a^maiug'  occurs.  Depositxm  could  result  in  direct  damage  to 
ing  casualties  of  overexposures.  tissueor  absorption  of  thematerialwhichcould  result 

To  diagnose  and  treat  victims  of  overexposure  in  a  in  a  systemic  health  effect 

timdyfaduon,fiddmedicalpersontrdshouldbealett  The  major  combustion  products  of  most  propd- 
for  any  medkalsequdae  arising  in  scMkrs  who  may  lants  are  classified  as  U)  tissue  a^yxiants  (cartxm 

have  been  exposed  to  the  products  of  pre^peDant  com-  moiKPxide,  nitric  oxide,  and  miiK>r  amounts  of  hydro- 

bustion.  What  may  initially  appear  to  be  cdnddental  gen  cyanide),  (b)  irritant  gases  (ammonia,  nitrogen 

headadres  or  routiite  acute  respiratory  diseases  in  dioxide,  sulfur  dioxide,  nitric  (pxide,  and  hydro^ 
soldiersmusttakeonnewimporbmceshouldanoccu-  dtloride),  or  (c)  inhalaMe  ix>etal  particulates  (lead, 
pational  histeny  reveal  probksns  with  the  ventilation  copper,  and  others), 
system  of  thest^ier'svdiide,  that  die  soldier  has  been 
f^ganewtypeofammunition,(prthatthescddierhas  HasneA^yxiants 
participated  in  missions  with  prolonged  firing  times. 

Reports  ofsuspected  health  effects  arising  from  expo-  Becauseasphyxiantscanqukkfyproduceincapad- 

sure  to  combukion  products  are  needed;  these  should  tatingcentralnervoussystemefi^wiUKXitwaining 
be  finwarded  through  medical  command  diatmeb  so  sign5,thesecompoundsareofma|oriminediatecon> 
that  proper  evaluations  of  the  events  can  be  made.^  cemtothearmy.  Asfdiyxiants  act  to  interfere  ividi  the 
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dehveiy  of  oxygen  to  tissue  cells  or  with  theabilityof 
the  cell  to  use  oxygen.  Girbon  monoxide  and  nitrites 
decrease  hemoglobin's  oxygen-carrying  capacity. 
Gitbon  monoxide  is  a  competitive  inhiUtor  of  the 
ferrous  binding  sites  for  oxygen  in  the  henwglobin 
molecule.  Because  carbon  monoxide  has  a  higher 
affinity  for  hemoglobin  than  does  oxygen,  the  amount 
of  oxygen  available  for  transport  to  organs  is  reduced. 
Nitrites  and  nitric  oxide  also  decrease  the  oxygen- 
carrying  capacity  of  blood  through  the  production  of 
methemoglobin,  which  is  less  efficient  than  hemoglo¬ 
bin  in  releasing  oxygen  to  the  tissues.  Hydrogen 
cyanide,  whidi  is  pr^uced  by  nitramine  propellants 
such  as  RDX,  acts  to  produce  cellular  asphyxia  by 
interfering  with  the  cells'  cytochrome  oxidase  system, 
which  disrupts  oxidative  metabolism. 

Irritant  Gases 

When  inhaled,  the  acute  effects  of  irritant  gases  on 
the  respiratory  tract  (eg,  pulmonary  edenw,  broncho- 
constriction,  and  bronchorrhea)  can  cause  an  unnredi- 
ate  decrement  in  a  scrfdier's  performance.  Delayed 
effects  irtdudereactiveairwaysdysfuiKtion  syndrome 
(RADS)  and  airway  cellular  destruction.^ 

RADS  is  characterized  by  continuing  airway 
hypertesponsiveness,  typically  after  an  acute,  high- 
level  exposure  to  an  irritant.  Tlus  airway  hyperre¬ 
sponsiveness  is  usually  detected  by  physiological 
measurement  of  expiratory  airflow  or  an  increase  in 
airwayresistanceafterthe^ministration  of  histamine 
or  methadiolinc  by  mhalation.  Although  many  such 
mdividuals  will  remain  asymptomatic,  sonte  may  de¬ 
velop  overt  asthmatic  symptoms,  often  after  exposure 
to  other  irritants  or  cold  air.  Airway  hyperrespemsive- 
ness  may  persist  for  months  or  years.  Gwereportsof 
RADS  aftCT  exposures  to  chlorine,  hydtochlo^  acid, 
sulfur  dioxide,  and  anuiKinia  have  been  described. 
The  long-term  health  consequences  of  this  condition 
are  unknown.  Healthcare  personnel  attending  sol¬ 
diers  who  ttuy  have  been  exposed  to  these  irritants, 
especially  if  acute  pulmonary  conditions  resulted, 
shwid  remain  cognizant  of  the  potential  late  develop¬ 
ment  of  asthnutic  symptoms  and  the  hnplkations  of 
omtinuing  exposure  to  irritant  agents.^ 

The  absorption  of  gases  depends  mainly  on  their 
solubility  in  ^aqueous  layer  lining  the  mucosa  in  the 
upper  and  lower  respiratory  tracts.  For  example,  both 
sulfurdioxideand  ammonia  are  highly  soIuUeand  are 
normally  absorbed  in  the  upper  airways;  they  are 
rarely  deposited  in  the  lower  tract  unless  exposure  to 
these  gases  has  been  (nerwhelming.  On  the  other 
hand,  gases  like  nitrogen  dioxide  are  less  soluble;  they 
can  bypass  the  upper  airways  and  injure  the  loHer 


airways.  Because  these  relatively  insoluble  gases  may 
not  irritate  the  upper  airway,  they  do  not  produce 
warning  symptoms.  However,  in  conditions  of  high 
humidity  or  moist  mucous  membranes,  nitrogen  diox¬ 
ide  may  dissolve  and  form  nitric  and  nit’ous  acids, 
which  can  irritate  the  upper  passages.  Additionally, 
certain  cells  in  the  airway  may  be  more  susceptible  to 
these  gases.  An  example  is  the  Type  1  pneumocyte, 
fouTKl  in  thea)  veoli,  which  is  thouj^t  tobe  particululy 
susceptible  todamage  because  of  its  high  surfacearea- 
lo-volume  ratio. 

Particles,  either  solid  or  liquid,  are  deposited  in  the 
airway  depending  on  their  size.  Particles  greater  than 
10  p  are  ffitered  out  in  the  upper  respiratory  tract. 
Particles  less  than  05  pare  rapidly  exhaled.  Patlides 
between  05  p  and  3.0  p  are  deposited  efficiently  in 
distal  airspaces,  either  through  impact  against  the 
bronchiolar  walls  or  through  gravitational  settling.* 

Short-duration,  high-intensity  exposures  to  conr- 
bustior  products  can  lead  to  both  immediate  and 
driaytxi  health  problems.  A  fire  in  1929  at  the  Qeve- 
latujClmicinCleveland,(%io,bumed  SO^XX)  nitrocel¬ 
lulose  films(then  used  for  X-ray  films,  but  now  used  in 
military  propellants).  The  combustion  of  nitrocdlu- 
lose  liberated  carbon  monoxide,  nitrogen  oxides,  aird 
hydrogen  cyanide.  Nirtety-seven  people  died  inune- 
diatdy,  pr^bly  due  to  asphyxiation  from  carbon 
monoxide  and  hydrogen  cyanide.  Two  hours  to  1 
month  after  the  fixe,  26  more  people  died  from  pulmo- 
irary  complications  that  were  suspected  to  have  been 
cau^  by  exposure  to  lutrogen  oxides.* 

Ammtmui 

Ammonia  isformed  from  thecombustion  of  propel- 
lantcompoundsthatcontain  nitrogen,  erpedallythose 
that  contain  nitroguanidine.  AlIsin^,doub^,atMi 
triple-base  propellants  can  produce  ammonia.  The 
niriogen  b  converted  first  to  molecular  nitrogen  dur¬ 
ing  combustion,  but  it  then  quickly  combines  with 
hydrogen  gas  to  form  ammonia.  Iron  particles  origi- 
ruting  from  heat-induced  erosion  of  the  gun  tube 
catalyze  thb  reaction.* 

Due  to  ib  high  solubility  in  water,  ammonia  b  an 
upper  respiratory  tract  eye,  artd  skin  irritant  (TaUe  10- 
10).  Ib  cdor  threshold  (ie,  the  lowest  concentration  of 
a  substatKe  at  whidi  ib  odor  can  be  detected  by 
humans)  b  below  concentrations  at  whidi  the  eyes, 
nose,  and  throat  become  irritated.  Once  the  eyes  have 
been  irritated  by  exposure  to  ammonia,  lacrimation 
occurs.  Lacrinutionatammoniaconcentrationsof  134 
to  150  ppm  may  be  militarily  significant  when  visual 
discrimirution  tasks  are  important.  Acufo,higlHlose 
exposure  causes  coughing  and  severe  irritation  of  the 
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TABLE  10-10 

SIGNIHCANT,  IMMEDIATE,  REVERSIBLE 
EFFECTS  OF  AMMONIA 


NH3  (ppm) 

Effectf/Comaiente 

1,000 

Produces  coughing 

150-500 

Produces  changes  in  ventilation  minute  and 
tidal  volumes  and  respiratory  rate* 

150 

Produces  lacrimation  in  subjects  previously 
acclimated  at  25-100  ppm  for  varying  du¬ 
rations 

140 

Tolerated  for  30  min  by  all  unaccustomed 
subjects;  for  2  h  by  highly  motivated  sub- 
fects 

134 

Produces  lacrimation  in  50%  of  unaccus¬ 
tomed  subjects 

110 

Tolerated  for  2  h  by  all  unaccustomed  sub¬ 
jects 

100 

EEGL* 

50-72 

Produces  moderate  eye,  nose,  and  throat 
imtation  in  most  subjects 

20-30 

Odor  easily  noticeable 

lidt]  vohmie  •  iwpintory  rate  *  miratto  vxiiuine 
^Ewtrgmcywposuw  guidance  itvri 

SouTK'Ud^UMorionlD.Nightrrgale'rENomufldyMI  Biolegh 
cri  Eftects  <f  Short.  High-Level  Exposure  to  Cases  Ammnm.  Carhm 
hk)iiemde.^lfurDiozidr.aniNitrogenOtidesKodofiIle,Md:Eetviro. 
Coi>tniLltK.im.Fm»ISumm»eyRepoetAOAOmB.DAMOJT-79- 
09086. 


throat  Eariy  deaths  can  occur  from  laryngeal  edema 
and  severe  airway  obstruction.  Patients  who  survive 
the  initial  exposure  can  develop  tracheobronchitis, 
brondrocoitstriction,  and  hypersecretion  of  mucus.* 
Tolerance  to  higher  exposure  levels  may  develop  over 
time,  and  eyeand  upper  respiratory  tract  irritation  will 
lessen.  For  example,  individuals  exposed  in  an  ukIuS' 
trial  settirtg  to  an  average  daily  worthy  cotKentration 
of  100  ppm  of  ammonia  havedemonsbatedatolerance 
to  irritation  aftrrl  we^  of  exposure.”  Skin  and  imKous 
membnuKs  are  also  sensitive  to  airborne  anunonia. 
Due  to  anunonia's  high  solubility  in  water,  it  dissolves 
in  the  nroisture  of  tlK  eyes  and  skm,^'  and  due  to  its 
alkalinity,  it  damages  tissue  by  producing  caustiebunrs. 

TheNAS  has  reconurtended  an  EEGL  for  airunonia 
of  lOOppm.^  This  value  b based  on  limiting  lacrima- 
tionand  ibconsequentperformaiKedeaement  EEGLs 
represent  leveb  at  which  reverrible  health  eff^  may 
occur,  but  before  judgment  becomes  impaired  artd 
responses  to  emergencies  are  inappropriate.  No  reli¬ 
able  information  is  available  concerning  inhaled 
atrunonia's  potential  as  a  developmental,  reproduc¬ 
tive  geiK>toxic,  or  carcinogenic  agent 


The  sigtrs  and  symptoms  associated  with  ammonia 
exposure  partially  depend  on  ite  concentration.  Most 
soldiers  can  tolerate  exposure  to  leveb  exceeding  140 
ppm  for  short  durations,  but  not  for  hours.  However, 
asthmatics  and  those  individuals  who  develop 
brondrospasm  after  exposure  to  other  respiratory- 
tract  irritants  may  be  more  sensitive  to  lower  concen- 
traHons,shoiterduTationsofexposure,orboth.  Expo¬ 
sure  to  leveb  exceeding  5,000  ppm  have  caused  death 
due  to  airway  obstruction  in  normal  individuab.” 
Bixmchiectasb  has  also  been  reported  in  previously 
nonasthmatic  individuab  after  exposure  to  an  anuno¬ 
nia  cloud  after  a  tank-car  derailment.”  Mild-to-nuxl- 
erate  (50-100 ppm)  exposure  to  anunonia  can  produce 
headache,burningcf  the  throat,nausea,  vomiting,  aitd 
substernal  pain. 

The  heatrrrent  recommended  for  exposure  to  am¬ 
monia  consists  of  removing  the  casual^  from  the 
source  of  anunonia  and  flushing  the  eyes  with  water  if 
severe  irritation  or  lacrimation  develops.  Severdy  af¬ 
fected  casualties  who  have  visual  diffiailties  (sw^  as 
blurring  of  vbion  or  difBculty  focusing),  laryngeal 
edema,  signs  of  pulmonary  compromise,  or  an  almor- 
mal  chest  film  should  be  hospitalized  and  monitored. 

Nitrogen  Dioxide  and  Nitric  Oxide 

Nitric  oxide  and  nitrogen  dioxide  often  occur  to¬ 
gether.  Nitric  oxide  and  nitrogen  gas  ate  the  first 
products  formed  from  the  combustion  of  nitrogen- 
containing  compounds.  At  high  concentrations  (>  50 
ppm),  nitric  oxide  b  rapidly  converted  to  nitrogen 
dioxideinthepresenceof oxygen orambientair.  Both 
gases  are  con^ered  to  be  pulmonary  irritants,  but 
nitrogendioxidebgeneraliy  considered  to  be  the  most 
toxic.  Nitric  oxide  can  cause  methemoglobin  forma¬ 
tion,  although  ib  potential  conversion  to  nitrogen 
dioxide  should  be  considered  the  more  important 
hazard  for  most  exposures.**” 

Workers  are  exposed  to  nitrogen  dioxide  during 
w^ing,  electroplating,  and  met^  deaning;  nitrogen 
dioxidebaboa  combustion  product  of  jet-engine  fueb 
andabyproductofbIastingc^)erations.**Onthe  battle¬ 
field,  nitrogen  dioxide  b  fonned  by  the  oxidation  of 
nitric  oxide  during  high-temperature  combustion  of 
nitrogen-based  propellants.  Nitrogendioxidecanabo 
be  converted  to  nitric  add,  which  can  damage  and 
potentially  cause  Ebrosb  of  lung  tissue  by  denaturing 
tbsueproteins.  Tankcrewscanbeexposedtonitrogen 
dioxide  while  they  fire  weaports,  or,  as  a  result  of 
secondary  fires  and  explosi^,  if  tank  rounds  arc 
ignited  and  burned  in^e  the  vehides  after  battle 
damage  or  following  vehkleacddenbassodated  with 
fires.  Nitrogen  dioxide  b  heavier  than  air,  reddish 
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brown  in  color,  and  has  a  pungent  odor.  It  thus 
accumirlatesinthebottomsof  enclosed  spaces.*^  (This 
t}pe  of  accumulation  has  occurred  in  the  bottoms  of 
poorly  ventilated  silos  that  contain  grasses  or  hay, 
causingfarmers  to  beexposedtonitrogen  dioxide.  The 
pulmonary  damage  that  occurs  is  kiwwn  as  Silo- 
filler's  disease.)'* 

During  the  World  War  I  era,  German  naval  person¬ 
nel  experienced  problems  with  "nitrous  fumes"  filling 
gun  tiuretswhen  thegunbreedi  wasopcned.'”’ These 
nitrous  fumes  were  probably  a  mixture  of  nitrogen 
dknddeandnitricoxide.  F6r|^cction,  naval  guimers 
wore  respirator  masks.  These  probably  contained 
soda-lime  aiui  activated  coconut-shell  charcoal  De¬ 
spite  wearing  the  nusks,  some  of  the  gunners  were 
alleged  to  have  developed  methemoglobinemia,  and 
death  occurred.  The  nwisks  probably  did  not  remove 
nitric  oxide  and  may  have  increased  the  nitric  oxide 
in  the  inspired  ah' IhiDugh  reduction  of  nitrogen  diox¬ 
ide.  As  a  result  of  these  itKidents,  German  scientists 
conducted  creative  labmatory  studies  to  differentiate 
the  toxic  eff^s  of  nitric  o)^e  and  nitrogen  diox- 
tde.’^'^'*'  Studies  of  these  two  gases  aitd  th«r  toxic 
effects  in  military  settings  ha  veoontinued  to  the  present 
in  the  U5.  Army.*®*' 

Because  nitrogen  dioxide  has  limited  sdutrility,  it 
causes  negligible  irritation  in  the  upper  airway  tract 
Acute  exposure  may  cause  little  eff^  on  the  mucous 
membranes  of  tlie  eye  or  throat  and  thus  there  is  little 
immediate  wamingof  exposure.  Exposed  persons  can 
apparently  continue  to  biea  the  coiKentrations  of  up  to 
50  ppm  for  several  minutes  without  cough,  throat 
irritation,  or  chest  discomfort  (Tal^  10-11).  Theonset 
of  respiratory  symptoms  may  be  ddayed  for  3  to  30 
hours,  at  whkh  time  cough,  dyspnea,  acute  pulmo- 
itary  edema,  fever,  and  periphe^  blood  leukocytosis 
may  develop.* 

Nitrogen  dioxide  reacts  with  lung  tissue  1^  oxidiz¬ 
ing  cdlular  lipids  and  inactivabng  surfactant  Type  1 
pneuiiKxytes  lose  their  integrity  and  aDow  interstitial 
fluid  to  enter  thealveolL  Type  lipneumocytes  ate  then 
activated,  become  hyperpLutic,  and  may  fill  up  the 
alveolar  spaces,  leaving  no  space  for  gas  exchange  to 
occur.  Untreated  pulmonary  edema  may  progress  to 
death. 

Death  from  pulmonary  edema  can  occur  at  nitrogen 
dioxide  exposures  of  150 for  less  than  1  hwr. 
Furthermore,  even  if  the  casualty  apparently  recovers 
fiom  an  acute  exposure,  he  or  she  could  present  2  to3 
weeks  later  with  signs  and  symptoms  oif  tnmehiolitis 
oHifmtns.  This  coivditxm  is  noted  for  its  fibrotk  de¬ 
struction  of  the  bronchioles,  and  its  signs  and  symp- 
toms  include  fever,  cyanosiSr  and  dy^mea.”  No  spe- 
cjfk  X-ray  findingsareassodated  with  this  condition.* 


The  deleterious  respiratory  changes  induced  by 
exposure  to  airborne  nitrogen  diox^e  are  partially 
depetulent  on  its  concentration.  Mild,  irreversible 
effects  on  lung  function  can  be  observed  at  exposures 
below  5.0  ppm.  At  1.0  ppm,  symptoms  such  as  cough¬ 
ing,  chest  tightness,  and  laryngitis  can  appear,  but 
these  symptoms  are  reversible.  Individuals  with 
asthma  or  chronic  bronchitis  may  experience  mild, 
reversible  symptoms  at  nitrogen  dioxide  levels  0.5 
I^nn  over  a  2-hour  period.  This  level  is  the  odor 
threshold  for  nitrogen  dioxide.” 

Littleevidenceisavailabletoassessconcentiation- 
tuneexposureparameters  in  rdationtoobserved  health 
effects  for  nitrogen  dioxide.  The  army  uses  OSHA 
PELs  or  recominendations  of  the  ACG^  whichever 
are  more  conservative.  However,  the  standards  set  by 
OSHA  and  the  ACXjIH  are  mme  applicable  to  indus- 
trialsettings.  Inmilitarilyuniqueequipmentsystems, 
and  operations,  special  DA  standards  are  devised.® 
These  may  be  bas^  cm  guidance  documents  that  the 
army  has  asked  the  AFEB  or  the  NAS  of  the  National 
Research  GwndKNRO  to  draw  up.  If  the  question  is 


TABLE  10-11 

TOXIC  EFFECTS  OF  HUMAN  EXPOSURE  TO 
NITROGEN  DIOXIDE 


NO, 

(pp^ 

ExpoMoe 

Tiiiwtniii) 

Efferts/Comnentt 

1,000 

15 

Immediate  incapadtatkm;  icspira- 
toiy  and  eye  in  juiy  folkwed 
death 

100 

W 

Immediate  reqniatOfy  and  eye 
injury  with  progressive  resfrira- 
to^  injury  and  death 

50 

60 

Inunediate  respiratoty  and  eye 
irritation  with  possOtle  subacute 
and  chronic  pulmonary  lesions 

25 

60 

Immediate  respiratoty  irritation 
with  chest  p^ 

5 

60 

Acute  reversible  respiratoiy 
function  effects 

5 

15 

ACGIH-sSTEL 

-1 

60 

Equivocal  respiratoiy  function 
effects  and  impaired  dark 
adaptation  of  vtsion 

STEL:  rimt-kim  «xpasui«  Umit 

Soursr.  Cmii  DL  Extcolivc  Dncctcr,  Bohi!  on  Toidkoicgy  and 
EnvifonnitnUl  He*kk  Htzanb,  Nabontl  Rcscaitii  Cound)  Com- 
i»dc«cnUfcSckiKHCtoRaiiidnTM.TheIVniaipQ,WMMnglafc 
IX.  Wnhnt  conumiMcalion;  )4  Mndt  198S. 
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one  of  toxicology,  the  NAS  Conunittee  on  Toxicology 
will  consider  the  question  or  issue.  If  there  arccn^ 
neering  implications,  the  multidisdpUnary  NRC  may 
be  asked  to  evaluate  this  atuation.  In  1985,  at  the 
army's  request,  the  NAS  Committee  on  Toxicology 
reviewed  a  situation  involving  tank-gun  anununition. 
The  army  recognized  the  need  to  develop  blast-proof 
door  se:^  on  the  bustle,  to  ensure  that  combtstion 
productsofburningpropellantsfasituationthatcould 
ocam  with  battle  dainage)  would  not  reach  tankcrews 
in  significant  concentrations.  The  NRCs  committee 
studiedthepotentialpfiMemandrecommendedmaxi- 
mum  exposure  levels  (see  Table  104 ).  These  limits, 
whidr  are  essentially  EEGLs  and  pertain  to  the  ability 
to  escape  a  contaminated  environment,  can  be  com¬ 
pared  to  those  established  1^  the  ACGIH  for  civilian 
workplaces.  The  ACGtHstsmdard  is  mme  conserva¬ 
tive  (their  15-tnin  STEL  is  5  ppm).*'  In  a  military 
training  situatiem,  exposures  should  be  kept  as  low  as 
pos»b)e,butataminimum  should  bebdow  the  ACGIH 
criteria.  For  emergency  escape  purposes,  the  NRC 
guidelines  should  be  used  to  assess  the  efficacy  of 
hazard-control  systems.  However,the  NRC notes  that 
sensitis'e  individuals  may  experience  mOd  wheezing 
and  dtest  tightness  on  exposure  to  03  ppm  of  nhrogen 
dioxide  for  2  hours.^ 

The  treatment  of  casualties  who  are  exposed  to 
nitrogen  dioxide  consists  of  removing  them  from  the 
offeitding  source,  keeping  them  at  rest,  and  admiitis- 
tcringoxygeiu’*  Because  of  the  danger  of  pubwmary 
edema  even  in  the  absence  of  acute  pulmmury  irrita¬ 
tion,  dose  observation  for  24  to  36  hours  b  a]»  tndi- 
cated  after  anysignificant  exposure.  Ho^talizationis 
necessary  for  any  person  who  has  symptoms  erf  pul- 
monary  irritation  manifested  by  increased  pulse  and 
respiratory  rates.  Supplemental  oxygen  may  be  indi¬ 
cate  and  cortkosterokls  may  be^ven  in  life-dueat- 
ening  situations,  but  documentation  of  the  beneficial 
effects  of  steroids  is  IacJdng.*’“* 

Blood  methemoglobm  should  be  measured  as  soon 
as  possible  after  a  casualty  has  been  exposed  to  nitro¬ 
gen  oxides,  espncM%j^tIuoesiM/tytS(3iK»)oric.  Methe- 
moglobtn  cannot  trai^mt  oxygen  efficiently;  there¬ 
fore,  hypoxemia  carmot  easily  be  correct^  with 
suppiementaloxygen  when methemoglobin  is  present 
The  patient  may  require  intravenous  treatment  ivith 
methylene  Uue  [3,7-b»(d!inethylamino)pheiuzath- 
kmhim  chloride  in  a  dosage  1-2  mg/kg  body 
wdghtL”  which  reduces  methemoglobin's  ferric  iron 
back  to  the  ferrous  state  found  in  normal  hemogjiobuu 

NO 


Sulfur  Dioxide 

Sulfur  dioxide  may  be  formed  when  antimony  sul¬ 
fide  (used  in  printers),  sulfur  (used  in  black  powder 
igniter),and  potassium  sulfate(a  flame  retardant  used 
in  propdlants)  are  oxidized.*  Sulfur  dioxide  is  a 
heavy,  irritating  gas  with  a  dtaracteristk  pungent 
odor.  It  reacts  with  water  to  form  suifutous  add  and 
therefore  mucous  membranes  in  the  eyes,mouth,  and 
upperrespiratory  tract  areatriskfbrinjury.  Sulfurous 
a^  will  also  bum  the  lungs.** 

Sulfur  dioxide  induces  bronchoonnsttiction;  the 
sfimubtkmprcdnbly  occurs  via  an  afferent  nerveafter 
direct  stimubtion  of  its  sensory  end  organ  in  the 
airway  wall  Thisstimulationle^toefferentvagal- 
indu<^  contraction  smooth  musde  in  the  airway. 
Asthmatic  subjects  exposed  to  sulfurdioxideatSppm 
for  5  minutes  while  exerdsing  have  developed 
brondrospastic  attacks.**  However,  research  per¬ 
formed  normal  adult  subjects  has  shown  tiut 

•  continuous  exposure  to  sulfur  dioxide  at  3J0 
ppm  may  occasionally  produce  a  reversible 
decrease  in  small-airway  cmnpliance**; 

•  exercise  can  also  potentiate  functional  airway 
impairment  m  the  presence  of  atmospheric 
sidfur  dioxide" 

•  an  estimated  10%  to  20%  of  the  adult  popula¬ 
tion  win  exhibit  hyperreactive  airways  after 
exposure  to  sulfur  dioxide**;  and 

•  exposure  to  less  than  25  ppm  can  also  cause 
other  symptoms,  including  irritation  of  the 
mucousmembranes,inciea^  respratoiyrate 
arul  depth,  aitd  coughing.** 

Workers  who  are  chronically  exposed  to  5  to  20 
ppm  can  become  acclimatized  to  th^  effects;  their 
sense  of  smdl  becomes  less  acute,  their  reflex  cough  is 
lessened,  aixl  they  are  less  aware  of  the  irritation  in 
their  upper  airways.”  This  acclimatization  will  not 
occur  bo  soldiers  who  experience  only  intermittent 
high-level  exposures.  In  general,  20  to  30  ppm  of 
sulfur  dioxide  is  very  disagreeable.*’ 

ExposurelimitsandanEEGLhavebeenestaUished 
for  sulfur  dioxide;  the  NAS  recommends  an  EEGL  of 
10  ppm  for  a  l-hour  exposure.**  In  addition,  the 
ACCIH  and  05HA  have  established  time-wei{^hted 
average  erWA,  an  average  84our  exposure  widdn  a 
normal  workday)  exposure  values  of  2  ppm.*^' 

The  treatment  of  casualties  who  arc  exposed  to 
sulfur  dioxide  is  to  remove  die  victim  from  tlw  source 
and  flush  die  eyes  writh  water  if  they  are  irritated  or 
lacrimating.  However,  severdy  symptomatic  indi¬ 
viduals  shmU  be  hoqdtalized  ^  inomitofcd  for  the 
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ngns  of  pufanonaty  edema.  Bronchiolitis  obliterans 
can  occur  within  days  or  wedcs  after  the  patient  has 
recovered  from  a  m^erate-to-severe  exposure. 

Hydrogen  Chhride 

Hydrogen  chloride  exists  both  as  a  gas  and  as  an 
aqueous  add  aerosol  (microdro^det  solottons  of  hy* 
drogenddorkleattdwater).  Hydrogendtlondefaasan 
extmndy  high  affinity  for  water,  its  acidic  prop¬ 
erties  ixudce  it  a  strong  irritant  of  mucous  membranes. 

Although  the  odor  d^hold  of  hydrogen  diloride 
isl  toSppnvIOppmisarwxiouscotKentration.  In 
fact  inh^tion  of  hydrogen  chloride  causes  an  mdi- 
vidual  to  pionqxly  leave  dte  oftdiding  environment 
Inhalation  of  hydrogen  chloride  causes  several  re^ 
ratory  tract  signs  and  symptoms,  induding  noticeatde 
pain,  coughi^  mflammation,  edema,  ai^,  at  hi^ 
concentrations,  laryngeal  or  brotKhlal  om^rktkm 
aable  10-12  and  Fi^  10-12). 

Early  iest-firingof  dieMLJRS,  in  whkha  perdilorate- 
based  propellant  is  used,  showed  that  hydrogen  chlo¬ 
ride  %vas  produced  in  large  quantities,  arvd  was  pre¬ 
sent  at  leveb  of  25  to  50  ppm  in  the  crew  compartment 
This  levd  irritates  the  eyes,  and  the  resultant  lacrima- 
tion  would  have  prevented  the  crew  from  perform¬ 
ing  its  mission  etiectivdy.  During  the  late  197Ds. 
tiieMLRS%vas  reengineered:  tiwcrewcooqwrtmentof 


the  subsequent  version  could  be  overpressurized,  and 
gas  and  particulate  Biters  were  mduded  on  its  air 
intake.** 

The  shoulder-held  Stinger,  an  antiaircraft  missQe, 
alsoproduceshighconcentrationsofhydrogendilo* 
ride  when  it  is  fired.  Soldiets  who  fir^  the  Stinger 
were  required  to  wear  chemical  protective  masks  to 
reduce  their  ejqwRues  to  hydro^  dtloride,  but  the 
masks  obstructed  their  views  tiuough  the  missiles' 
sighting  devices.  To  sight  their  targets,  soldiers  took 
off  tiwir  masks  and  hdd  their  breaths  while  they  fired 
tiieweapcms.  Their  intention  was  to  improve  their 
traddng  capability  while  reducing  the  irritatingeffects 
of  hyd^en  dtloride  in  the  upper  airways. 

Sevnai  govenunental  regulatory  agencies  have  es- 
taUished  limits  for  exposure  to  hydrogen  dtloiide. 
Both  06HA  and  the  ACX3H  recommend  a  ceiimg  of  5 
ppDt**' The  NRC  proposed  a  lO-nutmte  EECL  ^  100 
but  because  Hus  level  is  itot  Iflcdy  to  be  tolerable 
to  an  hour),a  1-hour 

The  treatment  of  casualties  who  have  been  exposed 
to  hydrogen  chloride  b  mostly  paBiative:  remove  the 
casualty  from  the  source  arid  treat  the  symptoms. 
Littie  information  b  available  concenUng  tire  long¬ 
term  efieds  on  health  that  may  arbe  after  acute  expo¬ 
sure  to  Iq'drogen  chIorid&** 

lahalaUc  Metal  Futknlates 


for  any  sustained  duration  (up 
ETCL  of  20  ppm  was  adopted/* 


TABLE  10-12 

TOXIC  EFFECTS  OF  HUMAN  EXPOSURE  TO 
HYDROGEN  CHLORIDE 


HQ 

(ppm) 

Exposnre 

Tiaw 

Efftda/Gwuaciits 

1yOOO-24X» 

Brief 

Dangerous  for  even  short 
exposures  (pain:  laryngeal 
ard  bnmdiial  constriction) 

50-100 

Ih 

TobraMe 

100 

10  min 

EBGL* 

91 

Median  concentration  for  odor 

• 

detection 

10-50 

Few  hours 

35 

— 

Throat  irritation  after  short 
exposure 

10 

Prolonged 

No  adverse  cftects 

1-5 

Odor  threshold 

EmajmcycxpowiegiiiilMioelml 

Soi»cgNiaonrilto«sidtCoMicflCowiBittt«CBToitotogy.Aa>- 
Iqidrafm  diioiMc  BMim  Iwomkk.  and  totume.  te  Ei^ 
fmfmutCmtinuonsExfomrrCmdtmtLfodtferSdKtidAiibtint 


The  inhalation  of  metal  particulates  can,  over  time, 
be  expected  to  cause  chtotdchealtitprobkms.  Oftiie 
truss  of  inhalabte  metal  particulates  formed  when  an 
M16  round  b  fired,  lead  constitutes  appraxiinatdy 
one-half,  and  copper  approxinutriy  orte-third  (thie 
effects  of  inhaled  lead  particulates  are  described  in 
Chapter  12,  Lead),  Inhalablecoppercomes  from  brass 
cartridges  and  copper  Jackets  id  buDets.  Another 
source^copperbtiwrotatingbandonartUlery  shells.* 
Although  most  particles  still  consist  of  lead,  the  tda- 
tive  percerttage  of  inhalaMe  copper  increases  and 
that  ^  lead  decreases  as  more  roimds  are  fired.**  To 
reduce  tire  amount  of  copper  deposited  in  tite  barrd 
bore,  lead  foil  has  been  added  to  artiOeiy  rounds, 
of  course;  abo  increases  tiieamoant  ^  particu¬ 
late  1^  produced.  Tin  foil  b  being  considered  as  a 
replacement  for  lead  foil  aitdnoadversehealth  effects 
are  expected  from  thb  substitution.** 

The  signs  and  symptoms  of  copper  inhalation  iit- 
chkte  congestion,  nasal  septum  petforation,  na¬ 

sal  ukeration,  ai^  metri  fume  fever,  whidi  b  dharac- 
terized  by  a  sudden  onset  of  fever.  duBs,  malabe;  and 
headaches.”  TlierefofC;05HAhasesiabIbhedan8- 
hour  TWA  for  copper  dust  of  14)  mg/m*  air.** 
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Rg.  10-12. Thi>ch««t  \-rj\  him w js irudo6 htnirsaflcra  l‘>-\var-t'ld  wUkt wjs to hfVichloivthancsnH>kc when 
jhevichloMhjncgn.'nadc  »vj>thnwn  into  her  tent.  Thc^moki.MsgcmTaU'd  in  thvthenTHvhomical  n.'4CtHmt>(Mnc  oxide. 
hexachlojxihane.andaluminummetal.andisannpoH'dpn.'doiniiuntlyof/incchlondeunth  IS  to2S  aluminum chU>nde. 
Zinc  chlonde  is  a  potent  respiratory  imtant  wth  pulnvnwry  effects  simibr  to  those  rauHxJ  bx’  inhaU'd  hydrogen  chk>nde. 
This  film  show>  bilateral,  diffu-e.  air-spacv  opacities,  with  an  interstitial  aimpiment  am,sistent  with  pulmcnury  edema. 


Antimony,  barium,  and  7inc  together  amstitute  less 
than  3S  of  the  metallic  inhalable  particuLites  that  an? 
pnxluced  when  an  MI6  n>und  is  fired,"  In  normal 
firing  amditions.  these  metallic  particles  areexpected 
to  occur  in  knv  conarntrations.  and  their  health  effects 
are  expected  to  be  negligible.""'"" 

Antinwny  ttioxide  is  a  wmbustion  bx'product  of 
antimony  sulfide,  which  is  used  in  primers  and  anti- 
monial-lead  alloy  bullets.  (Because  lead  antimony  has 
a  higher  melting  pt>int  than  lead  alone,  its  use  in  the 
bullet’s  core  allows  the  weapon  to  W?  fined  at  a  faster 
rate.)  Antimony  trioxide  is  an  irritant  to  mucous 
membranes.aridacutemhalationalexpxisurecancause 
wughing.  Iixss  of  appetite,  and  gastrointestiaxi  pain. 
Chronic  exposure  has  caused  lung  fibrosis.*"' 


Barium  is  a  combustion  byprixluct  of  barium  ni¬ 
trate,  which  is  also  found  in  certain  primers.  Barium 
can  also  be  a  local  irritant  to  muonis  mcmbraiK's  and 
can  cause  coughing.  Heavy  industrial  exposure  to 
barium  oxides  or  sulfates  can  produce  a  benign 
piteumoamiosis.  Barium  oxide  is  strongly  alkalitH? 
and  can  cause  eye  and  skin  irritation.  It  is  extremely 
toxkr  if  ingested.  No  long-term  health  effects  other 
than  pneumoamkrsis  are  kiKiwn.*" 

Zinc,  like  wpper,  exunes  from  brass  bullet  cases. 
Zinc  can  be  a  mild  mucous-membrane  irritant  during 
exposure.  Zinc  oxide  causes  metal  fiimc  fexx?r;  it  often 
occurs  during  periods  away  from  work  and  can  last  6 
to  24  hours.  Nochnmic  healtheffectsaredescribed  for 
yinc.** 
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Depleted  UFUuum  is  a  potential  risk  to  personnel  brotk  lung  changes  have  been  noted  with  exposure  to 
who  may  be  exposed  to  the  aerosolized  products  a  uraniumo^es.Thesechange5havenotbeennotedin 
luiTungtankitxmd(eg,dufii^afoeinatankbustle  humans.  Theprisiaiyhazardofexposuietoelemental 
wd)eretheaiinor-piercingroutKlsaiestOfed,orifaOU  uianhim  would  be  heavy  metal  toxidly  in  the  form  of 
round  has  penetrated  the  armor  into  die  tank's  crew  nephrotoxicity,  if  ingest^.  However,  feeding  studies 
compartment).  In  these  cases,  particulate  uranium  in  rats  have  failed  to  demonstrate  toxidty  from  the 
axidewouldform,someofwhid)wouldber^frable  insoIuUe  uranium  axide.^*” 

(<  10  |t).  Because  DU  contains  both  uranium  and  Allied  troops  received  wounds  from  fragments  of 
^U,  both  of  which  are  alpha  emitters,  a  theoretical  DU  during  Operation  Desert  Storm.  Insomesoldiers, 
risk  of  lung  cancer  exists  for  those  who  inhale  these  the  fragments  were  not  removed.  This  raised  a  con* . 
particulates.  (Exposure  to  DU  in  this  circumstance  cemthatthesolubilityofuraniuminbodyfluidsmay 
wouldbeexpectedtobeshort-Iived,howei’er,andthe  excerS)  the  solubility  of  uranium  in  water  and  there- 
far  greater  risk  to  the  crew  would  be  from  die  confla-  fore  pose  a  greater  health  threat  than  was  originally 
gratkmortheballisticpropertiesofthearmor-piercing  considered.  In  vitro  solubiUty  is  being  studied  and 
projectile.}  Toxidty  studies  widi  animals  have  not  scddierswithrctainedfragnientsofDUarebeingfbl' 
borne  out  hypodierizedcardnogenkity,  although  fr*  lowed  medically  to  detect  any  adverse  effects.^ 

CURRENT  MEASURES  TO  CONTROL  EXPOSURE 


Themeasuresthatthearmyusestocontrolsoldiers'  tube.  The  principal  guarantor  of  the  crew's  safety  is 
exposure  to  {nopdHant  combustion  products  are  not  the  vdiide's  ventilation  system,  however,  which  can 
urdikethemeasuresdutciviltanindustrialoperations  purge  the  poUutants  by  exhausting  other  the  entire 
lake  to  control  their  ivorkerS' exposures.  Engineering  crew  area,  die  area  of  the  breech  of  the  individual 
controls  (sudi  as  incorporating  appropriate  ventila-  weapons,  or  both.* 

don  into  die  design  of  iveaponssy^ems)  are  the  best  Odierpossiblemeansoflimitingexposuresiiiijude 

frxrBrriitmgexposure^fotloi^byadiiiinistrativecoii-  pladngdiegunbreechoutsidethecrcwcompartnient, 
trols  (such  as  limiting  firing  or  perscmnd  exposure  reformulatingtheprc^pdlantchemkalsorotliercom' 
times),  and  finally,  by  providing  PPE  (such  as  le^nra-  ponenlsofthes}ielI(eg,addii^mofezuKtobulletsto 

tors)  if  the  other  measures  are  i^equate.  Theh^th  reduce  the  {miduction  of  lead  particulates),  or  rede- 

hazard  assessment  process  identifies  potential  healdi  signing  military  small-anns  airununition  so  that  the 

hazards  dial  arise  from  die  aocumuiation  of  combustion  ni^  jacket  completdy  encloses  the  bullet 

products  so  that  these  contiob  can  be  irryfanented.  The  US.  Army,  prirnarilyasa  cost-saving  measure, 

Cunendy  lidded  protective  masks  may  effidently  b  considering  using  liquid  propellants  sudi  as  hy- 

remove  chemkal-warfate  agenb,  but  they  may  be  dtoxylammoiiiumnitnite(HAN)inHsarti]]eryweap- 
unaHe  to  efficiently  filter  out  nitrogen  oxkks,  carbon  one.  Computerized  projections  of  the  theoretical  cotn- 

monoxide,  and  low-molecular-we^ht  aldehydes.^  bustioci  f^uds  of  HAN  indicate  that  the  major 
Tius  caveat  b  importarit  for  medk^  odicers  to  con-  dtemical^ieciesproducedwiQbecarbondioxideaiKl 
sider  when  diqr  evaluate  casualties  who  have  been  nitrogeninrdativ^lowconcentratiotis,watervapor, 
exposed  tothefModudsofpropdlantcombustion.  For  and  rnitior  arnouiib  of  carbon  monoxide  arid  tnbeed 

examine,  duri^  Operation  Ctesert  Storm,  the  protec-  nitrogenoxidegases.^  However,thereduceddueatto 

tiveniasksthattankcrewswerebsuedtowearagainst  soldi^  health  from  exposure  to  these  combustion 
fhedneatofdiemicalwarCareinaynotkaveprotected  produds  may  be  offset^  the  potential  for  soldiers^ 
diem  agdnst  propellant  oombustion  ptoduds  inside  direct  exposure  to  tiiepnydlant  liquid  or  ib  vapors, 

their  own  tanla;  these  crews  would  have  been  particu-  Not  only  can  HAN  cause  riiethaiu^lobin  formation, 

latly  at  risk  had  tiieir  tanks  sustained  battle  damage  direct  exposures  to  tiibpropdlant  or  Hs  vapor  have 
and  dieir  own  munitioascaii^  fire.  abo  produced  respiratory  distress,  qilenic  enlarge- 

Sevenl  engineering  medianbuis  are  used  in  mod-  rnent  and  anemia  in  labcmtoiyariimals.” 

cmarntyfigliri^vel^lestolimitthecrew'sexpasuie  The  air  force  and  army  are  now  evaluatit^  gd 
topropdIantgases.T1ieboRevacuatorwasanearlier  propeOams  to  replace  die  current,  solid  popdlant, 
engineering  appioadi  dial  was  designed  for  large  aircraft  emergency  escape  systems  (aircrew  ejection 
gun»(Bgute1(hl3).  Another  system,  the  M81  dosed-  systems).  The  system  consists  of  a  gas  generator  that 

breech  scavenger,  used  an  inert  gas  to  flush  out  the gun  applies  pressure  to  separate  gel  hid  and  gel  oxidizer 
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•  BKEECH  atOCX  CMITRtO«e  CASE  RESOtVOtR  PROJCCTltjE 


Hf.  10*13.  (a)  Fidlowtt^  tbe  firing  oldie  we^xm,  gmet  «K  dnwn  into  the  reservoir  «$  the  pfDjectOe  pMMS.  (b)  After  the 
profcctik  b  ejected  from  die  onink;  die  gas  prertoitsfy  drawn  imo  the  lescnrolr  is  expelled  fiooi  the  muzzle,  (d  As  die 
bie^bopcned  to  eject  the  cartridge  caae  or  reintroduce  atMther  round,  atrfroin  die  crew  cooipaitaieiit  is  diawninlo  die 
bore  andexpeUed^al^widt  any  cctnbustkNk^ninainiRg  in  the  rKcrvodvthiou^  the  imnzie.  Source:  RoaaRIi  Pal  BC 
loekSf^aLPnddemDtfiatHoaStu^otiTedad^andMettedelegiesfbrEaabiatingtheChemic^andToxicolopcalProiiertks 
<fCoMhf5riimAoAKb(fGtmSy5tems.Voll.Oakilkige,TefUvOakRidgeNatk>nalljdsoi»tocy;1968.FinaIRep^Al>(XtNLp 
6334/Vl. 


tankSfWhkjtcoinbineincocnbitstMndiainbentopnt*  maintained.  Combustion  prodoct*  would  not  poae  a 
duoe  a  significant  dmist  advantage  over  dw  ament  ducat  to  the  aircrew  who  have  ejected.  However, 
solid  propdlant  ^rstems.  The  ^  fad  consists  of  someleakageofinlubitedredfuxningnitrkacidcoukl 
alumimnn  powder,  mooomediyl  hydrazine  and  by-  result  in  the  leakage  of  nitrogen  tetraoxide;  vddeh 
dro)^  propyl  cdhikwe  as  die  gdUng^etd.  Theoxi*  ipiiddy  dissociates  to  nitrogen  dioxide.  Intfaissitiia* 
dizer^  consists  of  inhibited  red  nitric  add,  don,  aviatets  would  pntebty  switdi  from  their 

lithium  nitrate;  and  fused  dlka.  This  gd  propdiant  re^rirator'sNgolarairsupp)ytolOO%cnq^gentoavoid 
offers  advantages  over  its  liquid  verskm  in  that  it  is  expaiare.’**Oveiall,gdpropdlantsofferdistinctsafety 
insensitive  to  detonation  if  die  fud  and  oxidizer  tanks  advanlagesovcrbodts^andliqaidpropdlanlsand 
ait  penetrated  by  projectiles  during  combat  In  this  could  be  considered  as  conyooents  of  a  wide  variety 
situadon,  partial  cpenbility  of  the  system  would  be  of  weapons  systems  in  the  future. 

SUMMARY 


Aldwa^sddienhavebeeneqxnedtodieddete*  of  gun  and  rodeel  propdlants  now  in  use  have  die 
new  ggred  from  propdlant(xmbostkm  products  for  potential  togiveriaelo  an  even  moiccoenplexanayof 
mote  than  1AX1  years,  innovations  in  wagons  and  combustion  products  daring  firing.  In  general,  h^ 
tactics  during  die  190Qs  have  frioeased  the  potential  ever,  certain  dwmkalqpecies  are  diouj^  to  pose  die 
foraqx>suretodiesehealdihazanls.Thewidevariety  greatest  rid:  to  soldiers,  pecdominat^diroi^Jh  Inha* 


CombustmProdudsofPnfeUantsmidAmmtnitim 


SatkMt  These  indude  a^yxiants  (such  as  carbon 
monoxide  and  nitric  oxide),pu]iitonaiy  irritants  (sudi 
as  nitrogen  dioxide,  aounonia,  and  hydrogen  diio- 
ride),  and  heavy  meta!  partides  (sudi  as  lead). 

Evaluation  potent  hazards  has  been  assisted 
by  computer  moddii^  of  predicted  ^lecies;  however, 
there  have  been  few  studies  to  validate  the  prediction 
capability.  This  is  due  to  the  difficult)’ of  conductmg 
appropriate  chemical  samplirig  under  bodi  laboratory 
a^  fi^  conditions.  Neverdieiess,  efibrts  are  made 
during  the  health  hazard  assessment  process  to  gadier 
appropriate  data,  assess  fire  health  impact  on  stddiets, 
and  (Mgn  protection  systems  into  m^tary  hardware 
while  it  is  still  being  devdoped. 


The  potential  for  significant  toxic  efi^  is  inherent 
in  the  firing  militaiy  weapms.  Medical  officers 
should  thorraghly  understartd  the  occupational  haz¬ 
ards  that  soldiers  face,  e^redally  those  from  jobs  that 
are  performed  within  endosed  graces.  Cbinbustion 
products  of  propeDants  encountaed  in  training  and 
battlefidd  conditions  can  have  acute  as  wefl  as  long- 
termeffects.  Medical  persoruid  must  also  recognize 
that  engitteering  oontr^  designed  to  reduce  hazard¬ 
ous  exposures  (sudt  as  ventilation  systems)  may  fait 
administTative  contrds  (such  as  lim^g  firir^  times) 
may  be  ignored,  and  PPE  (such  as  respirators)  may  be 
discarded,  worn  improperly,orpo55es5aniiudequate 
protective  factor. 
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OccupatKml  Heallk  The  Soldier  and  the  Ind ustrial  Base 


INTRODUCTION 


Carbon  monoxide  is  a  coloriess,  odorless,  tastdess 
and  nonirritating  gas  formed  as  a  by-product  in  the 
iiKompIete  combustion  of  caibonaoeous  materials. 
Frequently,  but  not  reliably,  the  presettce  of  carbon 
monoxide  is  accompanied  by  the  odor  of  unbumed 
orgaitic  matter  or  fuel'  Because  of  its  high  iitheient 
toxidty  and  extensive  exposure  potential,  carbon 
moiwi^e  has  historically  been  considered  not  only 
the  most  widespread  poison  krtown  but  also  the  snost 
significant  toxk  gas  in  the  wotlq)Iace.^  Human  expo¬ 
sure  to  carbon  ntoncndde  has  been  estimated  to  ac¬ 
count  for  approximately  2,300  suicides  and  1,500  acci¬ 
dental  deaths  atutually  (ie,  more  than  one-half  the 
yearly  poisoning  deaths  in  the  Uruted  States).  In  ad¬ 
dition,  an  estinuted  lO/XX)  patieitts  per  year  sedc 
medical  attention  because  of  exposure  to  fits  dtemicaL’ 


Many  of  the  effects  of  what  we  now  recognize  as 
carbon  monoxide  poisoning  were  discussed  in  ancient 
literahue.  During  the  Middle  Ages,  these  effects  were 
sometimes  considered  to  be  the  woric  of  demons  and 
witdws.  Seme  of  the  worst  woricplace  exposures 
occurred  during  the  19th  and  early  20th  centuries, 
when  industrial  miners  were  frequently  overcome  by 
"white  damp,"  a  term  applied  to  the  "iiwdorous  na¬ 
ture"  of  carbon  monoxide  and  associated  products  of 
partial  combustion.^  Milters  wereoftenexjxMed,  with 
fiequent  severe  or  fatal  sequdae,  after  mine  fires, 
explosions,  and  blasting  operations. 

Serious  exposures  have  been  reported  in  mudi  less 
dramatic  contempemuy  situatkms  when  individuals 
have  used  (xmtaminated  sources  of  compressed  air  for 
diving  or  positive-pressure  reo>intors  for  industrial 


H(.  11-L  These  workers  are  testing  new  75-nun  howitzer  tubes  for  the  U5.  Army  at  die  General  Electric  Plant,  Erie, 
Pomqrlvania,  in  June  19tl.  Sudi  indoor  testing,  witiwut  adequate  ventOatiori,  quite  likdy  ejqxwcd  these  worim  to 
hazaidouilevdsof  carbon  monoxide.Underloday'sstandards.apowerfabficquatiyinonitoiedirtdoorvcnttlatkinqntem 
tvould  be  required.  Photograph:  courtesy  of  the  US  Army. 


Carim  Monoxide 


operations.'  Exposuresinthehomeorworkplacemay  gasoline-powered  generators  are  operating,  and  in- 
occtir  in  poorly  ventilated  areas  when  using  improp-  door  firing  ranges.  Military  industrial  exposures  are 

eriy  adjusted  or  irudequately  vented  heaters,  kitchen  possible  during  peace  atrd  war  and  can  occur  during 

stoves,  water  heaters,  or  charcoal  braziers.  rruintenarKe  and  repair  of  internal  conrbustion  en- 

Army  field  exposures  coirunonly  occur  in  farrks,  gitres,  indoor  operations  with  motorized  equipment 
troop  compartments  of  armored  vehicles,  enclosed  such  as  fork  lifts,  artd  indoor  proof-testing  or  fi^g  of 
corrununications  vans,  enclosed  areas  where  portable,  weapons  (Figtu«  11-1).' 


TYnCAL  SOURCES  OF  EXPOSURE 

Natural  sources  of  carbon  mortoxide  iruiude  volca-  tkmal  health  occurred  during  1906,  when  the  Medical 


nic  eruptions,  lightning  strikes,  and  beds  of  growing 
kelp.  But  atiTKispheric  carbon  motwxide  primarily 
results  from  the  incomplete  combustion  of  carbon¬ 
aceous  materials.  In  rKMiindustrial,  urban  environ¬ 
ments,  the  major  trun-rttade  scrrce  of  caubon  rtwmox- 
ide  is  the  incomplete  combustion  of  motor-vdiide 
fuels,  with  exhaust  gases  from  internal  combustion 
engirres  accounting  for  approximatdy  60%  of  emis¬ 
sions.^  Because  fu^  rrunufactured  during  die  early 
20th  centuryfeg,  water  gas,coalgas.and  producer  gas) 
usualty  contaiiiied  high  concentrations  of  carbon  moir- 
oxide,  they  caused  itmunterable  irrstances  of  poisoir- 
ing.  In  contrast,  iratural  gas — obtairred  from  weUs  in 
coal-bearing  areas— contairred  <mly  trace  anrounts  of 
carbon  monoxide  prior  to  incomplete  combustionL''^ 

Becausecarbonmoncnddeisacofnbustionby-prod- 
uct,  toxic  exposures  are  especially  likdy  in  conflagra¬ 
tions  of  buildings,  kiltts.and  grates;  explosioirs  or  fires 
in  mines;  the  detonation  of  explosives;  and  even  to¬ 
bacco  smoke.''*  Htes  associated  with  timbering  in 
tnmes,temforcemefttofdeepdugout$,and!nteriorsof 
bunUr^  buildings  ate  reco^tized  as  sources  of  signifi- 
cantexposurestocarbonnxmoxide.*  During  the  early 
years  the  20th  century,  toxic  exposures  to  people 
who  attempted  to  rattain  %varm  using  open  coke 
ziers  %vere  not  uncoirunon,  especially  anrong  occu¬ 
pants  of  dugouts  or  other  small,  ill-ventilated  struc¬ 
tures.  The  most  comrrKm  cause  of  death  in  fires  is 
smoke  inhalation  atkl  therefore  carbon  monoxide  is  a 
major  cause  of  death  in  individuab  who  succunfo  to 
sm^  inhalatiotL* 

Effects  of  toxic  gas  exposures  associated  with  the 
wotlqrlace  iveie  docribed  by  Tar^uerd  des  Planches 
in  1839  and  Dr.  Hermann  Eulenberg  in  1865.  Oaude 
Bernard  first  discovered  the  convex  identified  as 
caibox^temoglobininlSSS.^  InthelSSOs.ProfessorK. 
B.  Ldimaru)  and  his  students  expanded  the  scierttific 
database  rdated  to  toxic  gas  exposures  based  on  ani- 
mal  experimentation,  fodustrU  observations,  and 
human  control  experiments.  One  of  the  first  inshmees 
of theinvolveinentcf  academic medidne  inoocupa- 


DepaitmentoftheUniversityofPennsylvaniaempha- 
sizkl  the  importance  of  carbmmonoxideexposuies  in 
the  fdt  hat  industry.* 

Early  20th-centuty  scientific  arrd  medical  literature 
docunrents  trot  <mly  the  magnitude  of  the  interest, 
frequetKy,  atMl  types  of  poisoning  potentials,  but  also 
the  nwdkal  impoetatKe  of  carbon  monoxide  poisrm- 
ings  that  occurred  in  both  domestic  and  irrdustrial 
environments.^  Before  equipment  to  quantify  carbon 
nnonoxide  was  leadify  avaikfole,  it  was  considered  to 
bea  prudent  safety  titeasure  to  regard  all  flames  from 
carbonaceous  sources  that  impinged  against  metal  as 
potential  carbon  monoxide  exposure  hazards:  the 
metal  would  cool  the  fire  and  the  resultant  itKomplete 
combustion  would  produce  carbon  monoxide.^  Sev¬ 
eral  excellent  hrstoiical  reviews  of  carbon  monoxide 
cxposiue,  sud)  as  J.S.  Haldane's,  which  was  based  on 
his  1915  SiUitnan  Lectures  at  Yale  University,  contrib¬ 
uted  to  the  devefoping  database.^** 

Steel  Manvfactnring 

BUst-fumace  gas  was  a  product  of  the  steel  mdus- 
tiy.  Thegaswasproducedduiingthesmeitingofiron 
ore,  as  a  result  of  partial  combu^ion  when  and 

hmestonemixesweteinjectedintoUieblastfunuKe.  In 
a  collection  process  from  the  upper  stack,  particulate 
and  gaseous  contaminaitts  were  removed  using  filtra¬ 
tion  and  water  scrubbing.  The  resultant  bbst-funuoe 
gas  was  carried  by  overhead  pipes  tobe  rzintrodtioed 
into  the  furnace  as  a  combustible  source  of  heat  for 
Had  stoves,  steam  production,  and  gas-engine  power. 
Althou^  the  composition  of  bbst-funuM  gas  was 
variable;  major  components  were,  on  average,  nitro¬ 
gen  (57%),  carbon  nronoxide  (26%),  carbon  dkndde 
(11%),  and  hydrogen  (3%-4%).^'*  Because  the  sled 
fardustry  in  the  United  Slates,  with  iisitumerous  facili¬ 
ties  and  iitdustrial  employees,  was  a  printe  source  of 
cubon  monoxide  poboning,  the  industry  provided 
the  impetus  for  developing  effective  engineering  and 
administrative  controls. 
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OHiiba$tion  Engine  Exhaust  lism  of  the  methylene  chloride  to  catbon  monoxide  “ 

Methylenechlorideisa  readily  volatile  chemical  thatis 
Shortly  after  gasoline  en^nes  were  introduced  as  a  widely  used  in  iitdustry  as  a  paint  stripper,  aerosol 

sourceofmodvepower.operatorsofgasolinelatmdhes  propdlant,  and  degreaser.  As  a  consequence  of  the 
and  drivers  in  taxicab  garages  frequently  experienced  volatility  and  lipid  solubility,  with  uncontrolled  use  of 

signs  and  symptoms  of  carbon  monoxide  exposure.^  methylene  chloride,  exposure  potentials  are  high  artd 

Production  of  carbon  rrumoxide  was  derrtonstrated  to  the  material  is  readily  absorbed.  Ineffective  industrial 

be  greater  before  the  engirre  had  wanned  to  normal  ventilation  of  operaticns  such  as  degreaser  tanks  or 
operating  temperatures.  Other  conditkms  that  gener^  improper  use  of  personal  protective  equipment  may 

ated  iiKteased  anrounts  of  the  gas  included  entries  cause  carboxyhemoglobin  levds  to  rise.^ 
that  were  poorly  tuned  or  operated  at  idling  speed 
withoutaload.  ExhaustfromthegasenginecontiUned  Smoking 
93%  carbon  morroxide,  and  an  average  concentration 

of  carbon  monoxide  of  0342%  wasmeasured  inandri-  Inhaling  tobacco  smoke  (whether  as  an  active  or 

ent  air  in  five  motor  garages.’"  Current  United  States  passive  smoker)  is  another  source  of  woiiq}laoe  expo* 
emissbns  standards  are  met  with  automobile  ex*  sure  to  carbcm  monoxide  The  presence  of  cariton 
hausts  that  contain  as  mudi  as  8%  carbon  nxmoxide,”  monoxide  in  tobacco  smoke  and  tihe  associated  eleva- 
although  current  automobile  exhaust  tedmology  tkm  of  catboxyhemc^lobin  levels  were  recognized 
usually  results  in  substantially  lower  emissions.  artd  reported  in  the  1920s.^  Carboxyhemoglobin  levds 

above  3%  were  seen  in  85%  of  smoking  workers  and 
Methylene  Chloride  47%ofnottsin(ddngworkeisinNewYoi^*Mostsinok- 

eis  were  found  to  have  caiboxyhemogloldn  levels 
The  industrial  use  of  methylerte  chloride  is  an  un-  higherthan2%comparedtol%orlessfDriKinsincdc> 
usual  example  of  an  industrial  carbon  monoxide  haz*  ers.Carboxyheinogk)binlevdswerefoutkltoincrease 

ard  because  there  is  no  actual  exposure  to  carbon  by  1%  to  9%  with  smoking.  Heavy  smokers  were 
monoxide  itself.  Workplace  exposures  to  nnethylene  reported  to  have  levds  of  15%  to  17%.  Taxi  drivers 
diknide  have  been  followed  by  increases  in  carb-  who  smoke  were  reported  to  ha  ve  carboxyhemoglobin 

oxyhemoglobin  levels  as  a  result  of  hununs’metabo-  levdsashighas13%(theineanconcentnitionwas6.9%). 

MILITARY  EXPOSURES 

AlthoughexposurestocarbonrrKmoxidehavebeen  World  War  E  Cbmba:  Mining Opcrationt 
recognized  as  long  as  work  has  been  dorte  in  associa¬ 
tion  with  partially  burned  carbotuceous  fuds,  mili*  Onlyminingoperatkmsthatwereusedmadefen- 
tarj- personnel  may  also  experierreesigniHnant  expo-  sive  tactical  posture  were  employed  during  the  early 

sures  in  ways  quite  different  from  those  in  the  civilian  part  of  World  War  L  Mining  operations  were  simple, 

sector.  Some  docuirwnted  historical  circumstaiKes  withasingleminegallerycottsbuctedtoguardimpor- 
and  weapon  systems  have  resulted  in  substantial  ex-  tanttrendu»  or  sectors  of  the  line.  By  the  fall  of  1915 

posures  and  sometimes  the  deaths  of  exposed  service  and  increasingly  later,  irrining  was  used  in  a  more 

members.  offerrsiveposture.  OfiorisiveopeTationsrequired  more 

Theuseofminir^inndlitaiyoperationsdatesfrom  extensive  tunnds,tunnd  galleries,  atvl  larger  quanti- 

remote  antiquity.  Inadequate  ventilation  was  recog-  ties  of  high-explosive  munitions.  And  as  mining  op- 

rrizedasanearlycauseofthcdifBcultyofiirainlaining  erations  irtoreased  in  fiequeiKy  and  irttensity,  naore 

burning  torches,  e^KdaDy  udren  dre  galleries  (mine  soldiersbecamepoisonedl^thegasesassodatedwith 
tunnels)  were  long.  It  was  widdy  reported  that  men  the  detonations.  Although  carbon  dioxide,  hydrogen, 

werefrequenUyoveicoinebywhatwenowrecogruze  methane,  and  oxides  of  nitrogen  were  also  generated 

as  both  oxygen  deficiency  and  carbon  monoxide  by  the  detonation,  carbon  monoxide  was  ^  fv  fire 
accumulation  within  the  mines.  The  effectiveness  of  mostimportantpoisonoususassodatedwithiniU- 
a^yxiating  gases  in  mirte  warfare  was  wdl  known,  tary  mining  (figure  ll-T).***^ 

v/iththeearliestreconleduseatthesiegeofAiitbracU  Mining  was  also  used  to  promote  forward  move- 
in  189  BC.  The  Aetolians  filled  |ars  with  feathers,  which  ment  of  die  troops  at  the  front  lines.  An  explosive  in  a 

were  dien  set  on  fire;  the  smoke  was  blown  into  the  forward-directed  mine  gaDety  nvould  be  detonated, 
faces  of  the  oncoming  Roman  soldiers.*  whidi  urould  create  a  crater  60  to  90  ft  in  diameter. 
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Rf.  11*2.  Eximihw  iBlfiiary  osiM  ticndi  optntkm  weve  uMd  dating  World  War  L  The  abow-gratmd  am  on 

dnmfiig  betwcm  the  aridth  «tid  die  atony  Ubcs  b  No  Men's  Und,  but  Kthre  watfm  was  being  wi^  bdow.  OflcMhre 
iniidngfai7«lveddevidofiingincxta)eiTetinder|rottn4netwari(ofdo«rnahaib,tiinnebciifeclidto«riitdlhe&txitline,inata 
hlertls^^eipendi,'okrlo&^cwwtogtheforw«wt-direcledtnnneh),nd  nunie>ciigfco»iid-diieciedaifaie|elfcr»B(^^ 
'Hiegellerics  wen  needio  IMen  for  enemy  openrtkiM,Mcofiduia  for  addhkweliniidngopent'nne,  and  as  tiki  for  piadii|( 
offenthfewdefonriiveinwnMoiit.TieinendciiaqBantftkio<ti^hdy  packed  etiplodmwetecarefitllypiacedinappocediire 
called  knytiny.  IMt  diaftaa  show*  the  locatkos  of  two  e^otfona^  each  of  whkh  wiedesd  a  Utkning  post  Alkr  Ae 
eiqitosfans,  ahalH  might  have  been  driwn  diroogfi  die  dhtebed  ground.  pokntiaPy  Mlaertting  caifaon  mooowlde.  The 
anom  show  die  dbccdon  «f  air  comnli.  Kcptinled  from  Maqihefion  W*  V  Henifigham  WP,  Elliot  IK  BaUbiir  A.  HMwy 
efifo  Grad  MaBtaeleaO)l)!dWOoaaNriitrMe<iodSmfoalXieiM<flik  Ml  ^Vol  2.  Umdoml&M^cMy'sStadonefy  Office; 
1923. 
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Within  a  few  minutes,  the  inhuiby  would  move  for¬ 
ward,  occupy  the  crater,  establish  bombing  pests,  and 
consolidate  their  position.  Although  the  loosened  soS 
usually  permitted  rapid  dissipation  of  the  carbon 
monoxide,  soldiers  were  frequently  overcome  as  a 
.  esult  of  gas  entrapment,  iiKomplete  detonation  %vith 
its  subsequent  gas  collection,  and  absence  of  wind  or 
"dull,  heavy  atmosphere.”*  Burxung  gas,  whidi  fol¬ 
lowed  an  incomplete  detonation,  could  often  be  seen 
as  a  blue  flame  that  could  persist  for  12  hours.* 
Compressor  enpnes  were  used  to  ventilatethemines 
and  mine  galleries.  Carbon  monoxide  poisoning  was 
often  associated  with  the  interruption  of  the  engine 
power  (in  order  to  listen),  the  use  of  substitute  lubri¬ 
cants  containing  mineral  oil  (such  as  castor  oO)  for  the 
cylinder  of  the  engine,  aitd  unexpected  bteakdcnvns 
from  belt  trouble.  Small  petrol  ettgines,  usually  in¬ 
stalled  in  dugouts,  were  often  used  as  sources  of  en¬ 
ergy  for  elec^  lights  and  power  requirements  tvithin 
the  mines.  Carbon  monoxide  pmsonir^  associated 
tvith  petrol  engines  in  mines  were  cofturron,  especially 
when  the  engines  were  new  and  care  was  iwt  taken  to 
ertsure  that  the  exhaust  was  disdiarged  into  the  open 
air.* 

Because  carbon  nwnoxide  poisoning  was  a  well 
recognized  hazard,  soldiers  working  in  the  rtrines  of¬ 
ten  used  miceorcanarie5asbiolq^ldetector&  (Mice 
were  sometitrres  fveferred  because  they  could  be 
traiired  to  be  carried  in  a  soldier's  pocket)  However, 
the  use  of  canaries  was  occaskmaOy  counterproduc¬ 
tive.  as  the  following  anecdote  illustrates: 

One  of  the  canaries  kept  in  a  mine  rescue  sUtion 
escaped  from  its  cage  and  Hew  into  the  middle  of  *No 
Man’s  Land,”  where,  alighting  on  a  bush,  it  began  to 
sing.  Consternation  was  3used  in  die  British  lines, 
for  the  discovery  of  thb  bird  by  the  enemy  would 
indicate  thepiesenceof  ndningoperatioRS  and  would 
mean  that  the  work  of  we^  would  go  for  luuglu. 
The  infantry  in  the  trendies  were  bmnediately  or¬ 
dered  to  open  fire  on  the  canary,  but  it  continued 
singing,  he^less  of  the  bullets  whidi  wlustled  round 
it  It  was  not  until  the  trench  mortars  were  called  on 
toassist  that  a  sveO-placed  shell  wiped  out  completely 
the  bird,  the  bush,  and  the  song.* 

Aldiough  some  medical  historians  of  World  War  I 
kkntifiedciisbonmonoxidefalongtvithdidiloroedqd- 
su]phkle,sulfurettedhydiogett  and  nitrous  fumeslas 
posribte  sources  of  poisonous  substances  of  military 
significance,  a  medi^  treatise  published  in  France  in 
1918empha$ized  the  risk  of  carWn  monoxide.”  This 
treatise,  entitled  (translated  from  the  French)  The 
Cliniad  and  HieTapeutk  Aspects  of  Cas  Poisoning,  «vas 
directed  toward  diagnosing  gas-intoxicated  soldiers 


and  providing  appropriate  therapy.  Dataforthetiea- 
tise  were  gka^  from  human  exposures  and  labora¬ 
tory  animal  experimentation  with  an  extensive  series 
of  toxic  gases. 

The  French  writers  identified  several  hazards  asso¬ 
ciated  with  exposures  in  endosed  places: 

•  gun  fire  from  dosed  shdters  with  inadequate 
ventilation, 

•  mine  or  camouflet  la  mine  that  explodes  but 
does  not  crater]  explosions  with  subsequent 
contamination  of  communicating  galleries, 

•  tunnel-constnictkm  operations  in  contami¬ 
nated  areas,  and 

•  explosions  of  incoming  enemy  profectilestivit 
secondarily  contaminated  dugouts,  shdters, 
or  product  entrapped  podeets  of  the  gas.” 

The  dangers  of  carbon  monoxide  exposures  were 
enhaiKed  by  the  absence  of  odor,color,and  irritation. 
The  gas  %vas  so  insidious  dut  an  exposed  individual 
could  faOtogra^theexposuie  danger  until  he  noticed 
thatUieuseofhisextremitieswasijiipaifed.  However, 
dcjqnte  its  advantages  and  possibly  because  of  its 
lim^tions,  carbon  monoxide  itself  was  never  used  as 
art  offensive  dumiical  warfare  ageiit* 

WocIdWarll:  TankWarfarc 

The  World  War  n  experience  %vith  carbon  monox¬ 
ide  was  domituted  by  probletns  associated  with  large 
numbers  of  soldiers  fighting  in  armored  fighting  ve¬ 
hicles  (AFVs).  Theneedforanaccuratemethodology 
ajylkable  to  quantitative  detection  of  carbon  monox- 
i^  led  scientists  at  the  Armored  Medical  Researdr 
Laboratory  at  Fort  Knox,  Kentucky,  to  devdop  an 
infiared  gas  analyzer  dul  was  not  only  reliable  but 
%vas  suffi^dy  tranqpoitaUe  to  be  used  for  measure¬ 
ment  within  AFVs.  Peak  levels  of  carbon  monoxide 
were  detected  shortiy  after  firing  bursts  in  die  M3A4 
tank.”  After  firing  five  rounds  from  die  7S-mm  gun, 
the  level  of  carbon  monoxide  was  found  to  increase 
rapidly  to  0718%  widun  1  minute.  If  no  additional 
rounds  were  fired,an>bient  carbon  monoxidedeaeased 
rapidly  to  basdine  levds  within  4  minutes.  Carbon 
monoid  levels  recorded  with  37-trun  fiiii^  were 
substantially  lower  than  those  found  with  die  TS'Uun 
gun  (Hgure  11-3). 

The  same  problem  had,  of  course,  been  recognized 
during  World  War  L  Intheeailydaysoftankwirfore, 
crews  who  speid  prokioged  times  inside  dieir  tanks 
complained  of  headache  and  faintness.  Theseprob- 
lems  became  mote  severe  as  later  tank  modds  were 
introduced.  S^ns  and  symptoms  of  exposure  were 
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l%114.Ci»bownwna>ckbcoaoentr«tkwOTn>e>iuredbyine<mof«coi»tinuoigrecoTdfT{ - ^)andgnbMinp)c9(o)afler 

firing  fivt  rounds  from  the  75-mm  gun.  A,  M  ten  rotnds  from  d«e37-m]ngitn.l,of  the  M3A4  tank.  (Note  tfattfiKsegraplii, 
tehkh  woe  origifiailjr  pubiithed  in  1 945,  contain  an  apparent  mi^rrint:  tte  tank  s  identified  a»  an  M4A3.  Branoe  Ow  data 
tefte  to  ImA  37-inm  and  75-inn  guns,  hoivevcr,  we  loKW  diat  die  comet  designation  woold  be  M3  A4.  The  GFT  acen  in  the 
test^dcntificatioo  boxes  may  have  stood  for  fat /Iring  lest)  In  both  these  giai^  the  itootdcr  did  not  show  the  true  peak 
at  measured  by  d>e  grab  sampits.  This  is  doe  to  d>e  tdadvely  slow  response  time  inherent  in  rtaHime  monilort,  vdddi 
results  in  an ‘’avera^ng' c0e^  and  is  to  be  expected.  Source:  Adapted  from  Nebon  N.  NPKC  Ges  Anaijner/br 

CirhpR  MoMRode.  Knox,  Ky:  Armored  MedksI  Research  Laboratory;  1915.  Rrovided  by  Alexandria,  Va:,Defeiise 
Technical  Information  Cteter.  Report  AD  6^78. 


dearly  rdated  to  eqxMijfe  to  die  toxic  exhaust  gases 
and  andiient  heat  burden.”  Aldioogh  die  soldiers 
sopictigies  became  uncoiacioos  while  in  the  tanks, 
they  more  freqoendy  cpBapeed  after  readdng  fresh 
air.*  Tbdr  lyinptoins  woe  aggravated  vdien  they 
fired  the  Holdikiss^  and  6-pcinodcr  guns.* 

The  interior  designofthewuly  tarda permitted  heat 
accumulation  and  expoeurv  to  toxic  combustion  gases 
because  the  exhaust  lines  ran  ahnig  die  inside  ^  die 
tank  for  some  distanoe  befoK  they  perforated  die 
plating  to  die  outside.  As  a  ooiisei|oence,  carbon 
moww^  exposures  from  bodi  internal  leakage  and 
bnckdtaft from odier taiiks were Gominon.  There- 
atrictedcrew^race  within  die  tankaBowed  significant 


aocuirnilation  of  moistute,  which  fuidier  complicated 
dieheat-exposuiepctentiaL  In  one  incident,  reported 
in  1918,  die  first  and  second  tank  drivers  became 
unconscious.  When  the  tank  commander  took  control 
as  the  driver,  he  also  succumbed  and  the  tank  was 
unable  to  get  into  action  because  of  dw  condition  of 
the  crew.  Oeaily,  io^soved  tardc  ventilation  was 
required.  A  supply  of  fresh,  outside  airwas  provided 
via  infiltration  around  gun  ports  and  other  openings.* 
Carbon  monoxide  exposures  were  measured  in  tanks 
towed  behind  eadi  of  two  medium  tanks  (M4A1  and 
M3A4)  and  two  recovery  vdiides  (M32B1  and 
M32B3).'^  Openiiofial  test  variables  indoded  two 
courses  (a  flat  surfoce  and  a  4%  graded  and  die  UK  of 
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dthera  towing  bar  or  towingcable.  Gubonmonoxido 
levds  were  measured  in  four  crew  positions  tvidiin 
the  towed  vdiicle:  driver,  assistant  driver,  loader,  and 
commander. 

Haaaidous  le\’ds  of  carbon  monoxide  were  not 
found  in  the  lowed  vriiide  when  it  was  hnved  behind 
the  M3A4  medium  tank  or  the  M32B3  recovery  ve¬ 
hicle.  In  sharp  contrast,  however,  the  earlier  M4A1 
modd  tank  a^  M32BI  modd  totving  vdtide  were 
designed  %vith  their  engttte  exhausts  directed  rear¬ 
ward.^  When  either  of  these  earlier  modds  was  the 
towing  vdiide,  riders  in  the  towed  tank  were  exposed 
tolevdsofcarbonmonoxideinexcessof02%.  Expo¬ 
sures  were  affected  fay  changes  in  wind  directi^ 
surface  grade,  nKmitorii^  position,  and  whedier  the 
towir^  cable  or  towing  bv  was  used. 

For  die  M4A1  tankand  die  M32B1  recovery  vdiicfe, 
an  exhaust  deflector  sideld  was  devdoped  and  em- 
frfoyed  as  a  short-term  remediation.'^  The  deflector 
baffle  design  permitted  retrofittingat  the  first-edidon 
maintenance  unit  When  it  was  attadied  to  die  towing 
M4A1  tank,  the  deflector  directed  the  exhaust  toward 
die  ground  and  effecdvdy  limited  the  exposure  of  the 
soldiers  who  were  required  to  ride  tn  the  towed  vehide 
(Rgure  11-4). 

The  Modem  Era:  AmoccdR^idt^Vdiidcs 

The  risks  associated  widi  carbon  moiKncide  expo¬ 
sure  and  military  equipment  ha  vebeen  rcoognizEd  for 
alor^dme.  Wl^  then  does  this  remain  an  important 
imresolved  issue?  During  Worid  War  n,  onty  about 
3%  of  soldiers  in  the  US.  Army  were  deployed  in 
AFV&  However,  if  a  war  were  f^ght  today  the  US. 
Army  would  deploy  at  least  30%  of  its  soldiers  in 
AFVs.'*  Not  only  are  more  soidieis  likely  to  be  ex¬ 
posed  but  die  le>^  of  exposure  may  also  be  signifi¬ 
cantly  hitler  if  control  measures  should  foil  For 
example;  as  ammunition  has  become  increasit^ 
laiger,dieaziiouiuofpropdlantcfaargercquiredto6ie 
die  larger  round  is  even  greater  (rotmd  size  is  mea¬ 
sured  as  a  squared  variable,  charge  volume  as  a  cubic 
variable).  Even  die  devdopment  and  use  of  more 
effective  ventilation  systems  and  deaner  burning  pro- 
pdlants  have  not  completdy  eliminated  die  risk  as¬ 
sociated  widt  carbon  monoxide  in  today's  AFVs. 

maTMk 

In  1984,  an  unusual  exposure  to  carbon  monoxide 
was  reported  during  the  cperadonal  test  (OTIO  of  die 
MlEl  tank.  The  offldal  memorandum  filed  after  the 
event  said,  in  part 


At  1330  on  20  Rbtuary,  tank  #120-5  began  a  sileitt 
watch  and  firing  exerdse  as  part  of  die  lOT)  n  pro¬ 
gram.  The  exercise  was  nm  in  acoofdance  with  con¬ 
ditions  specified  in  the  current  Detailed  Test  Flan 
which  csbed  for  it  to  be  run  iridi  hatches  dosed,  the 
primary  NBC  Imtdear,  biological,  and  diemical)  sys¬ 
tem  off,  and  the  baefotp  system  (Mt3Al)  on.  llie 
silent  watch  portion  of  die  exercise  was  run  frith  die 
en^ne  off  ^  die  breech  open  (no  round  dum¬ 
ber^).  The  engine  was  star^  periodically  to  re¬ 
charge  the  batteries,but  dieN'BCsystemfwhiAstarts 
automaticany  tvhen  the  engine  is  started)  was  se¬ 
lected  'ofr  immediately  upon actuadoiL  Theoew 
was  dressed  in  MOFF IV  fnnsrion-otiented  prolec' 
tiveposhnel.  Breathing  air  vras  supplied  tote  pro¬ 
tective  masks  dmugh  te  M13A1  gas  particulate 
filierunii  The  driver  stated  diat  he  used  his  mask 
oo]yfiDrtela$t90miittitesofteexeitise.  Thetank 
operated  in  silent  watch  mode  until  2015,  when  it 
moved  tote  firing  range.  The  firing  portion  of  te 
exetdse  induded  firing  thirteen  nufo  gun  and  q>- 
proxhnatdy  100  coaxial  machine  gun  rounds. 

Six  main  gun  rounds  and  te  coax  rounds  were  fired 
between  2015  and  2040.  The  remainiiig  seven  main 
gun  rounds  were  fired  indie  next  seven  minutes.  At 
teend  of  teexerdse;  teloadershimpcd  forward  in 
hb  seal  and  appeared  to  be  in  piqfsical  distress.  A 
short  time  bter,te  tank  coBunMidef  observed  this 
condition,  aroused  te  gunner,  and  assisled  him  out 
ofthetunet  After  performing  dds  action,  te  tank 
coounanderalsoeayericnceddtainessandliayldown 
onthetank.TlieincdicsarTivedat2061anddiieloader 

and  tank  commander  were  taken  to - ArmyCom- 

monityHo^>ital,aiTirii%aIt)2121  hours.  Theho^ 
iai  records  ^Qw  admisrion  at  2145. ..  .** 

Durir^  die  medkal  evaluation  of  die  tank's  crew 
members  after  this  exposure;  and  shortly  after  dietr 
admission,  caifaoxyhemogiobin  levels  were  obtained. 
The  loader  had  a  levd  of  33%  caiboxyhemoglobin 
and  the  tank  commander  had  a  level  of  2718%.  Asa 
consequence  of  the  two  admissioas  and  the  results  of 
die  analyses,  the  remaining  crew  members, 
die  gunner  and  driver,  were  brought  and  adtnhted 
to  die  ho^iital  several  hours  later.  Their  admission 
carboxyhmnoglobin  levds  were  163%  (die  gunner) 
aiid12!^(diedriver).  After  treatment,  all  crew  mem- 
bers  were  discharged  without  apparent  sequdae  of 
ejqioiure.** 

In  March  1964,  recommendations  were  offered  for 
improving  die  M1E1  tank 

•  Reroute  die  air  intake  for  die  M13A1  gaspar- 
ticulale  filter  unit  from  the  turret  area  to  die 
outside  air  (for  intake) 
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H§.ll’4.CMtTOinopaKideiwipaitiif»drttlu«agwloc»tiowwfhep»teBkw><  towed  by  in  MSaBlrtawrcyvehkte  with 
aad  widiout  m  edwnt  deOectar,  and  miqg  s  lowiqg  btr  oa  «  4%  gnde.  Rcdng  an  edti^  dcfiector  (*mdl  dntving),  M 
ap«odBrtiByix)rto>tHt<«aietowii^yel>ide^wdw^  the  coi>c<rtratk)o  of  carton  moiwoddeiiriiMnfte  tank.  TOagr^ 
coBvcya  aoiaeofBiecoiiipfadty  of  iBaldi<gfidddrtenitfBatk)i»cdcatfcopoioaoKklee)q>caiire«.Maiy  variables  if  x>ot 
eonarfled^intm  at  least  be  acoiuated  foe  (<g>wii»ldirgctioc  tod  apeed,  engine  ^)tgd,dtyce<rf»crface  grade,  (hgntion  of 
aiceq)eriment,a>elocatkw<rfd>einoi>i>oriiyiBitrumB>tewMiinthetaiJc,liieieBrtfli^rftfafefaattwincpai).Tl»efa>cwased 
coooniti-aUoiiirfcaibowwMwoaddeaeat  daring  obacnrattonAaiay  be  dtielpacairibtoatlonol  engine  »paed^thc4*igtade, 
and  the  e^)aed  time.  The  mkatngtradng  at  the  loader  posttkm  to  obaerratioc  A  may  be  dix;  to  equipment  nvJfunctiocu 
What  tbb  graph  ckartydetnonat  rates,  howe»tr,WthatattKhtog  an  exhaust  deflector  pbdetothe  war  of  the  towing  irridde — 
aategdnglymtoocmodiScatioBmadeforobaenraUooB  -signjJBcantiykwieera  the  coeaxntrattoo  of  carbon  moew)^ 
crew poaitiona.Sotgoe:  adapted  from  Nria(»N.hroitCh^KerfG«3vW)Ber/wOirhD>rMwioxafe.  Fort  KnoacKy  Armored 
hiedkal  Rcseaidi  LabonNoty; 1945.  Ftovided  by  Alexandria,  Va:  DHeaaeTcdmical  MbiiMtkm  Center  Repoct  AD  655578. 


•  AdviaefaidividnabatallleatailettbataliaxBid  dated  with  wcapoot  fire  and  AeinabOily  of 

fiaaKidaled%vitharif«  the  main  gun  and/or  the  Nn3Al  sjralem  to  pralect  againat  caibon 

coaxial  machine  gun  with  the  hatcheadoaed  mooooihleexpoeareandWdesciibethetjfpea 

andNBCayalemofi.  of  venlilalhm  requited  fix  aOentwa^ 

•  Inatmct  teat  penonad  at  an  test  ailea  that  die 

M13A1  gas  particulate  fiher  providea  no  car-  b^mitnfFi^ktii^VMde 

Ixm  momniide  protection  aa  oonfigurecL 

•  Reviae  the  operator  mamtala  to  (e)  include  Tc»kftimealeatingwaacoadncledatdieUS.Ani^ 

waiaingaofthec»iboninen(»iddehaaatdaaao>  Environmental  Agenqr  (USAEHA)  in  the 
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infantry  fighting  vdudc  (IFV)  in  1980  “  Real-time 
monitoring  was  done  inside  the  IFV  during  a  worst- 
case  firing  scenario  todetennine  peak  aitdfa^  carbon 
monoxide  exposure  concentrations.  The  real-time 
samples  were  collected  using  direct  reading  instru¬ 
ments  connected  to  appropriate  recorders.  Area 
samples  were  obtained  'theapproximatebTeith- 

ing  zones"  of  the  crew  compartinent  driver's  crmr- 
paitment,  and  the  orew  meinbers.  In  one  event  200 
rounds  of  2S-mm  aitd  75  rouirds  of  7.62-sun  ammu¬ 
nition  were  fired  over  approximately  6  minutes.  inthe 
turret  a  peak  exposure  amcentratkm  of  1,920  ppm, 
average  exposure  coTKentiation  of 825  ppm,  and  total 
exposure  concentration  of  4,950  ppm-minutes  ivene 
measured.  CFhe  term  "ppst-minutes"  used  wifii  the 
total  exposure  concentration  b  based  on  the  concept 
that  the  cumulative  personnd  exposure  dosage  is  a 
product  of  d>e  average  measured  airborne  concentra¬ 
tion  aitd  total  exposure  time.) 

It  was  decided  that  the  initial  exposure  mea.sure- 
mentperiod  for  thelFV  firingevent  "should  havebeen 
fired  overa  20-minute  period  radier  than  the  6-minute 
firing."*’  Carbonnroivoxidemeasurcmentswereob- 
tairred  when  the  firing  scenario  was  repea  ted  over  both 
20- and  60-minute  periods  of  weapons  fire.  Several 
peak  exposures  in  the  turret  were  al^e 600  ppm,  with 
an  average  exposure  omcentration  of  190  ppm  artd  a 
total  exposure  concentration  of  approxirrut^  1 1,400 
ppm-minutes.  The  firing-exposure  scettario  was  re¬ 
peated;  this  tirrre,  peaks  that  were  measured  in  the 
turret  exceeded  800  ppm  and  total  exposure  concen¬ 
trations  measured  approximatdy  24,730  ppirr-mm- 
utes.  In  the  driver's  compartnent,  peaks  in  excess  of 
400  ppm  and  total  exposure  concentrations  of  about 
10,600weremeasured.  In  thecrew  compartment,  peak 
exposures  above  400  ppm  and  total  exposure  concen¬ 
trations  of  approxittutdy  8,200  ppm-minutes  woe 
measured. 

In  summary,  total  concentration  exposures  in  the 
IFV  were  found  to  exceed  the  acceptable  limit  <rf6XXX) 
ppm-minutes  established  in  Military  Standard  800,” 
Vfith  respect  to  the  measured  peak  levds,  some  peak 
exposures  were  above 800  ppm,  which  exceeds  excur¬ 
sion  values  'considered  acceptable  any  starklards- 
setting  body."”  For  the  DFV,  urtder  tire  conditions  of 
the  fi^g  scertarios,  the  study  coiKhided  that  expo¬ 
sures  could  result  in  carboxyhcmoglobin  levds  of 
about  15%  in  15  minutes.  TIk  potential  exposures 
were  ocmsidend  to  represent  a  h^th  risk  that  could 
cause  significant  symptoms  aiKl  signs  consistent  with 
impairment  of  combat  cffectivetKSS.” 

In  a  study  of  the  Bradley  Rghting  Vdiide  (BFV) 
perfbntred  in  1964,  carbon  monoxide  iTKasurements 
were  obtained  using  a  dual  channd,  nondi^wrsive. 
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mfiared,  carbon  monoxide  arulvzer  for  real-time  car¬ 
bon  numoxide  measurements.”  Even  though  the  de 
tection  methodology  represented  acceptable  indus¬ 
trial  hygiene  practice,  it  was  noted  that  tiie  equipment 
was  incapable  of  detecting  rapid  trartsient  concentra- 
ticms  of  carbon  awrroxide.  CcmditkmsintheBFVthat 
were  associated  with  firing  and  shown  to  affect  carbon 
ntonoxidecoiKentrationsitKluded  the  typeof  weapon 
fired,  the  positkm  of  the  hatches  (open  or  dosed),  the 
crew  position,  arul  the  portion  of  the  turret  with 
respect  to  the  hull 

Bring  corrditkms  were  limited  by  selecting  wirtd- 
speed  conditions.  Qosed-hatdrfiringwasrtotpermit- 
ted  at  wirtd  speeds  greater  than  10  mph,  and  open- 
hatdi  firing  was  not  permitted  at  wind  greeds  greater 
thanSmph.  Hull  fans  were  turned  off,  gun  bags  were 
zippered,  gas  particubte  filter  units  (GPFUs)  were 
tinned  on,  and  both  7.62-mm  artd  25-mm  rounds  were 
fired.” 

The  results  and  conclusions  of  the  1964  study  dif¬ 
fered  ffom  those  in  a  1962  medical  report  which 
indicated  that  no  medical  hazard  was  identified  witii 
firing  the  weapons  in  the  infantry  fighting  vehicle.” 
With  the  single  exception  of  cme  measurement  (4,8% 
carboxyhemoglobirOinthel964study,a]lfiringcondi- 
tions  were  expected  to  generate  carboxyheinoglobin 
levels  above  5%,  and  in  three  of  the  conditions, 
catboxyhemoglobm levds  ranged  bet%veenllf)%  and 
13.4%.  Themaximumpeakconcentration,1,462ppm, 
was  measured  at  the  driver  position;  levels  of  1,087 
and  1,200ppm  were  identified  in  the  trcxrp  compart¬ 
ment  Oj^tion  of  the  M13  GPFU,  which  has  no 
capadtytomnovecarbonmonoxide,resultedinup- 
tal«  of  carbon  monoxide  within  the  driver's  compart¬ 
ment  with  subsequetd  distribution  to  each  crew  mem- 
ber  and  troop  occupant” 

Mt09  Howitzer 

The  health  hazard  assessment  on  the  M109  Ho%vit- 
zer  Inqirovement  Program  (HIP)  identified  carbon 
monoxide  exposure  as  an  area  of  medical  concern  in 
thedevdopmentofthehowitzer.  TheHIP,designated 
astheM109A3E2,banarmored,ful)-tiadcedh(>witzer 
carrying  a  minimum  of  34  complete,  conventional- 
geometry  rounds  and  two  oversized  projectiles  on 
board.”  The  main  armament  isa  modified,  l&mtn, 
M185  cannon  assembly  (the  .M284),  and  M178  gun 
mount  The  mexlified  muzzle  break  deflects  propel¬ 
lant  gases  badcalongthegun  tube,  rather  than  perpen- 
dkubrly  as  the  unmodified  predecessor  nwcMs  did. 
The  M109  howitzer  is  generally  operated  by  a  crew  of 
four  and  b  operationally  supported  by  ammunition 
resupply  vdiides. 
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Nuinaioasatvironmentalsa]npting,aiuloonfigu- 
latkm  vaiial^  infhioiced  the  concentrations  of  pro- 
pdlant  oonvbustion  testing  widi  die  M109  howitzer 
evaluations.^  Tube-ftringdevatioo,  wind  ^leed,  wind 
direclkMV  hatdi  configuration,  ventilator  mode,  pro¬ 
pellant  type,  propdiant  quantity,  system  component 
failuio  rate,  and  industrial  hygiene  sampling 
practices  aO  appeared  to  influence  dw  study  results. 
The  bote  evacuator  is  a  ptessure-ie^wnsive,  tiibe- 
evacuation  system  that  is  deaagned  to  promote  the 
inovenMntolpostfiiecximbustiongasesfrDmdiebreedi 
toward  the  muzzle.  Both  cornpromised  bore  evacua- 
tor  fimdion  arid  wirid  direction  (ie^a  head  wrind  blows 
combustion  gases  out  the  bteadi  despite  a  fitnetiona] 
bore  evacuator)  ate  critical  variables  associated  with 
eiqposuie  oorioeiitratkMis  after  firing. 

Although  the  authors  of  die  he^  hazard  assess¬ 
ment  wh^  %vas  performed  at  USAEHA  in  1968, 
conclude  that  the  lade  of  data  replication  limits  dw 
general  appticabflity  of  dw  findfaigs,  dwy  consider 
several  observations  to  be  idiaUe.  In  geiwral,  they 
state  that  the  worst-casefiring  scenario  occurred  when 
the  vdiide’s  hatches  were  dosed.  In  that  operational 
mode,  dw  crew  compartment  was  maintained  undera 
sb^negativepressure;  which  drew  combustioogases 
fiom  dw  breech  into  the  crew  compartmerd  when  dw 
cannon  breech  was  opened.  They  conduded  dtat  a 
head  wind  s^ntficandy  increased  dw  exposure  to 
combustion  gases,  l^ully,  they  conduded  that 
reconfiguring  themuzzlebreadccould  actually  increase 
the  crew's  exposure  to  the  combustion  gases.^ 

IVo)ectedexpo8uredatafbrdwM109wetedevd- 
oped  for  carbon  monoxide  based  on  the  Opendional 
ModeSununaryAGasionlVofilefOMS/MP).  Carbon 
tnonoxide  data  have  been  used  in  a  ootKimerit  calcu¬ 
lation  of  dw  nuudrmim  allowable  consecutive  epi¬ 
sodes  (MACE)  to  limit  the  Ml09-as5ociated  ca^ 
ox^wmo^obin  to  10%.  The  OM5/MP  stqwlates  5 
rounds  per  mission,  51  misskins  per  day,  and  a  total  of 
2S4  rounds  per  day.  Aven^carbonmonoxideexpo- 
sore  levels  during  dw  HIP  firings  were  identified  in  a 
broad  range;  ftom0to2300  ppm  at  dwaew  positions. 
The  health  hazard  assessarjent  teun  at  USAEHA  arbi¬ 
trarily  choseanavengelrvdof  120  ppmandcalculated 
dw  24'hour  eiqiosoce  risk  of  dw  devdopment  of  a 
2j09%cnibox^[wnio^k)binlevd.  Their  estimate  diata 
53-minute  exposure  may  be  repeated  17  rimes  (ic;dw 
MACE)  without  exoeedinga  10%  carbox^wmog^oUn 
level  remains  unconfirmed,  but  has  been  reoom- 
inendedforM109trainingaridtesringirimioiis.  Sied- 
larfy,  dwir  position  diat  the  risk  of  firing-assodated 
beslth  impsinnent  is  negligible  is  qxralative  and 
remains  unconfirmed.  As  a  consequence;  medical 
monitoring  for  carbon  monoxide  exposure  effects  is 


cunendy  required  during  cqwiatiooal  testing  of  dw 
MI09  howitzer  devdopnwntal  series.^ 

MHitaiy  Aviation 

Unaooeptablecaibonmonoxideexposureshavebcen 
demonstrated  in  milttary  aviation,  vdwreuncontroDed 
exposuresinearfypiston-drivenaircraftiverereqxNi' 
for  dwdealte  of  many  {dots.  Oiwearfyinvesti- 
gator  repotted  on  a  dead!  that  occurred  in  1930: 

TTwsomceofeartxwmonoKidepoboningiiidikfafanns 
the  btsfat  of  this  aitide  is  the  exhaust  gas  of  dw 
gasoline  motor  of  dw  airptaae  and  ainhq)  and  was 
broaght  to  atteniioa  by  te  death  of  Capt  Aifhor  H. 
Page,  United  States  Marine  Qxps,  at  the  narional  air 
races,  Chicago,  Septahber  1,  1930,  and  the  sidiw- 

qpcmifponwtnciiiiQiHgoicirooniPOnOwiOciniip 

Mood  shortly  after  the  crash.* 

In  a  1944 repoitanairaaft  pQotexperienoed  cartion 
monoxide  exposure  as  a  result  of  a  defective  cngiiw 
exhaust;  his  behavioffal  reqionses  were  reconled  by 
his  fidlow  aviators.  They  reported  dial  the  pilot's 
behavior  appeared  to  be  rdatri  to  dwsimiiltarwoas 
interaction  of  carbon  monoxide  and  altitiide  (in  odier 
tvords,  the  decreased  partial  pressure  of  oxygen).  At 
low  altitude,  the  {dot's  fl%ht  responses  were  normal 
However,  after  ascendii^  to  10,000 feet  with  his  avia¬ 
tion  section,  he  made  the  first  fl^it  entry  cor- 
rec^.  His  subsequent  fli^  patftems  and  bdiavioral 
re^onstvenessprogreasivt^deterioiated.  Asaresult 
of  the  actions  of  arwther  aircraft  {dot,  the  availability 
of  in-fiight  oxygen,  and  the  decrease  in  altitude;  dw 
{dot  improved  enough  to  properly  land  his  craft  The 
pilot  recdled  that  he  was  aware  dwt  there  were  diffi¬ 
culties  with  his  fl^  (his  hand  shook  violent  and  he 
had  difficulty  grteqimgdwdirDttk).  Heaboiemem- 
beted  that  he  could  not  always  see  his  section  leader, 
dw  horizon,  or  tlwcloads,but  had  a  feelingof 'TfVhat's 
dwdiffieicnoer  Unfortunatdy,dwpaot'scaiba97- 
hemoglobin  levels  were  not  delennirwii* 

Alihou^  carbon  monoxide  oqxwuies  have  been 
diminated  from  the  cdiaust  system  of  aircraft;  h^ft 
transient  exposures  to  dw  toxic  fumes  havebecnamo- 
ciated  with  gunfire  when  weapons  are  used  aboard 
aircraft  Inl968,anevaIoatiQnwaspeifctmedofdw 
carbon  monoxide  emissions  from  dw  Mt34  mfaiiguit, 
mounledindwUH-COAnacfcHawkheliooptcr.  Indw 
tests,  a  range  of  lAOO  loTTOO  rounds  were  fired  in  five 
rtpoCvtcsocnvcxpiiittiinitgcoiMiitioraL  tMAtgnr 
cst  average  anibient  carbon  monoxide-e^qNisuie  con¬ 
centration  was  79.4  ppm  for  a  duration  of  4  mintilei. 
The  calculated  mmdmum  predicted  aabosqdwmo- 
^obin  response  was  4.90%,  and  no  firing  icsfrictions 
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wererecommended.^Peaklevelsofcaiiionmonoxide  invcrfving  family  members  living  in  nuiitary  boustti]; 
were  not  reported.  facilities  have  been  reported." 

Qurcoal  block  hating,  the  custom  of  heating 
Housdidd  Heathy  homes  with  coal  or  charcoal  fires  inside  or  under  the 

structures  that  is  common  in  Korea,  b  a  significant 
Exposure  to  carbon  monoxide  in  the  milhaiy  is  not  sourceofcaibonmonoxideduringthewintermonths." 

limit(^  to  weapons  systems:  inadequate  home  vend-  Inonerecentinddent,aU5.  Army  field  commander 

lafionbacommonsourceofexposure.  Laigenumbers  and  his  family  awakened  in  the  middle  of  tlie  night 
of  US  Army  forces  have  been  stationed  in  Gmtuny,  with  severe  headadws.  Evaluation  at  the  nearest 

where  coal  has  been  used  as  a  source  of  heat  in  fiuniiy  medkalfadlityconfinnedcarbonmonoxideexposure 

housing.  Casereportsofcaibonmonoxidepoisonings  aikl  etiology. 

PATHOPHYSIOLOGY  OF  EXPOSURE 

The  need  to  develop  an  effective  treatnwnt  for  car-  itent  rescardter  could  identify  no  residual  carbon 
bon  rtvonoxide  poisoning  had  a  di^xroportionateiy  nwnoxideShounafterexposurefusiitgaspectropho- 
largeirttpactonmedidne.  Notonlydiditenableusto  tometrictedmique;  the  lower  limit  of  sensitivi^  was 
treat  the  poisoned  patient,  it  also  provided  an  insi^  025%).^  One  researcher  conduded,  in  1920,  that 
into  respiratozy  physiology.  Carbon  monoxide  com-  carboj^hemoglobin  was  actua%  mehdniized  in  the 
plexesvnthherno^lobintoformcatboxyhernoglobm,  liver,  with  ttwlabolic  components  secreted  into  the 
which  perverts  hemoglobin's  normal  function:  oxy-  bowd  through  the  biliaty  tract"  The  postulated 
gentranqxxt  method  of  animal  and  human  excretion  of  carbon 

monoxide  vnn  thought  to  invdvehepaticmetabolism. 
Carbon  Monoxide's  Hanoglobin-Vinding  Affinity  wriththecarbonrnonoxidemoleculeprDbabfyremam- 

ing  with  the  globulin  end  of  the  hemoglobin  metabo- 
The  complicated  physioiogy  of  oxygen  tran^jort  lite.  Th»  view  hdd  that  the  globulin  moiety  was 
artd  carbon  monoxide's  deleterious  on  it  are  presumedtobedisposedofasaureaproductandthat 
best  understood  when  placed  in  dieir  historical  con-  carbon  monoxide  was  "treated  as  foreign  material  and 

text  Cbntroversy  and  differeiKe  of  scientific  opinion  excreted.'" 

envelopedtoxicitystudiesforcarbonmonoxideexpo-  As  a  result  of  his  interest  in  coal  mining-related 
suresduring  the  early  2Ddr  century  and  were  reflected  carbon  monoxide  poisonings,  Haldane  initiated  stud- 

intheear!yiiterature.HaIdanebdievedthattheeffects  ies  in  the  mouse,  which  were  first  reported  in  1905.  He 

of  carbon  monoxide  exposure  were  caused  by  the  demonstrated  that  the  mouse,  when  exposed  to  a 
preferential  bindii^c>fcarbcmnKinoxide  to  hetnogfo-  partia]pressareof2atmofoxygenand1atmofcaibon 

l^withresu]tanltissuehypcnda.Henderson,Kaneek,  mono>^,  survived  without  difficulty.  The  mouse's 

and ApfelbachsuppoitodHaldane'sview.  Incontrast,  only  apparent  limitation  was  a  dtmmtshed  cxerdse 

Poddienhad  repn^  in  1888  that  carbon  monoxide  tolerance.  Therefore,  Haldane  Ct)  discounted  others' 
toxicity  resulted  from  a  direct  toxic  effect  on  the  tb-  scientificclaiinsconcerniiigthepotentialinherenttox- 

sues.  Ihedirect-effect theory  wasbased  on ffierapid  katyofcaibonmonoxidearuKiildemonstratedffiatthe 

onset  of  narcosb,  early  muscular  weakness  in  the  adverse  effect  of  carbon  monoxide  was  related  to  ib 
kwverlirnbs,occurrenceofgangreneasacoinplicatk>n,  powerful  competitive,  hemoglobin-binding  affinity.^ 

anddamageofthelenticuhrnucleusofthebtain.Hin,  Kaldatte  and  Doughs  puUSshed  their  classic  find- 

Semerak,  and  Lanossier  supported  Poekhen's  view,  ir^iehtedtocaiboxyheinoglobin-dbsociationcurves 
TheyttotedthatanirnaldeathsoccurrvdrnoreiapkUy,  in  human  blood  in  o)7genKieficient  atmo^heres  in 
andwcTeasaockted%vididtfferent$igns,whenplaced  the  early  190Qs.  They  reported  an  apparent  paradox: 
in  an  atmoq>here  containing  carbon  monoxide  com-  an  individual  with  a  nonnal  hemt^lcil^  levd,  of 

pared  to  simple  asphyxiation  with  nitrogen.’^  ndikh  50%  b  catbox^winogiobin,  has  rnore  severe 

Studies  that  investigated  carboxyhetnoglobin  sta-  symptomsthandoesanindividualwidia50%dccfe- 
biUtyandthereoovetyofhetnoglobin'sox>gen4>ind-  inentinhetnoglobin,noneofwhidibcaiboxyhem(>- 
ing  capacities  were  perfonned  In  the  early  1900s.  At-  globin.  It  appears  ffiat  carbon  monoxide  has  some 

lhoo|^  some  sdentbts  reported  finding  carbon  effect  on  syn^itomatokigy  that  b  uiuelated  to  the 
monoxide  in  blood  24  hours  after  the  exposure  to  arnountofheowglobinavailaUeforoxygenlranspoft 
carbon  monoxide  had  been  terminated,  one  promi-  HakhneandDo^glasexphinedthattheparadoxaroae 
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from  the  rdative  binding  affinities  of  the  differing 
oxygen^Mnding  sites  on  the  hemoglobin  molecule. 
Hemogldrin  molecules  wiffi  one>li^  the  available 
binding  sites  occupied  by  carbon  monoxide  released 
oxygen  with  great  difficulty  horn  the  remaining  two 
binding  sites  on  each  hemc^Iobin  molecule.^ 

In  Haldane  and  Douglas's  early  reports,  compari¬ 
sons  of  die  rdative  oxygen-  and  carbon  monoxide¬ 
binding  affinities  with  the  hexnoglotm  mdecule  had 
been  performed  using  samples  of  their  own  Mood. 
Interestingly,  the  rdatrve  carbon  monoxide-oxygen 
binding  affinity  of  Douglas’s  hemoglobin  was  report¬ 
ed  as  246;  Haldane's  hemoglobin  binding  af^ty 
was  299.^ 

In  1927,  Haldane  demonstrated  that  medianisms  in 
addltiontotheeffectiveptoductioncrfcatbox^iemo- 
globinmightaccount  for  the  health  effects  from  carbon 
monoxide  exposure.  Animals  that  he  exposed  to  high 
concentrations  of  carbon  monoxide  under  hyperbaric 
oonditionsdevekipod  atissue  toxicity  de^xteadequate 
oxygerution.  In  diese  experiments,  Haldane  exposed 
animals  to3.1  atm  ofoxygen,  then  added  an  additional 
atmosphere  of  carbon  monoxide.  The  animals' 
caxboxyhemoglobin  levds  rose  to96%,  but  as  long  as 
oxygen  was  dtssolved  in  dw  [rfasma,  die  rats  suffoed 
noOleffects.  However,  wdien  a  second  atmo^ihere  of 
carbon  morundde  was  added,  the  rats  ptomptty  died. 
This  indicated  to  Haldane  that  carbon  monoxide  had  a 
direct  effect  on  tissues,  probaUy  at  the  ceUubr  levd. 
This  exjrfanatkm  was  sttyported  in  1950  i^ien  a  re- 
seardier  demoristTated  diat  microsornes  in  cdls  were 
inhibited  by  carbon  monoxide,  and  diat  this  inhibition 
involved  erutymes  associated  with  dectron  tran^iort, 
speciScally  die  cytochrome  P-450  system.’^  Thecyto- 
dirome  P-450  sykem  is  now  recognized  as  one  of  die 
most  important  metabolic  biobansformation  padi- 
waysinthehumanbody.  Cazbonmonoxideapparendy 
affects  oxidative  and  reductive  reactions  in  these 
padiways. 

CaihoayhcBWglobinapdOiyhfiog^iiWnPiiiociaBriB 

The  most  commonly  recognized  prtoiaiy  action  of 
carbon  monoxide  b  its  preferential  binding  with  he¬ 
moglobin.  Thb  deprives  hemoglobin  of  its  normal 
otygetHXxiibiiiing  function  and  resuUs  in  a  condition 
that  can  be  thou^  of  as 'anemkr  hypoxia.”  The 
dierrucal  reaction  b  a  reversible  mass-action  equilib¬ 
rium  and  proceeds  based  on  die  mass  or  partial  pres- 
sure  (tenston)  of  the  gases  in  pubnonaiy  air,  an  action 
diat  allows  effective  treatment*  In  addition,  carbon 
monoxide  chemicany  binds  to  a  number  of  heme- 
oontaining  proteins  including  hemoglobin,  myoglo¬ 
bin,  cytoduome  oxidase,  cytodirome  P-450,  and 


hydioperoxidases.  (However,  these  account  for  only 
10%-15%  of  the  exiravascular  carbon  monoxide  in  a 
wdl  individual)* 

The  interaction  between  caiixm  monoxide  and  he¬ 
moglobin  b  graj^ikally  represented  as  the  carboxy- 
hemogloUndissodation curve (Hgure  11-5).  Atfhk 
glance  the  cuiveappears  to  be  very  similar  in  shape  to 
the  oxyhemoglobin  dissociation  curve  (Hgure  11-6). 
On  doser  inflection,  however,  it  becomes  apparent 
that  the  range  used  for  the  oxygen  pressure  scale 
ranges  from  0  to  150  mm  Hg  while  the  range  used  for 
catbrm  monoxide  b  between  0  and  05  mm  Hg.  Thb 
differeiKxrepresenbthedifrdentialaffinitiesofoity- 
gen  and  carbm  monoxide  for  hemoglobin;  the  differ¬ 
ence  bapproxiinately230-fdd.”  When  oxyhemoglo¬ 
bin  and  catbox^iemoglobin  dissociation  curves  are 
{dotted  along  the  same  absebsa,  die  line  representing 
saturation  with  carbon  monoxide  curves  stee{dy  u{>- 
ivard  to  the  left  of  the  curve  re{>fesenting(»cyhanoglo- 
bin.  If  the  graph  for  oxyhemoglobin  dissociation 
iveie  to  be  superimfiosed  on  the  graph  of  caiboxy- 
hemoglobin  dbsociatiori,  oom{dete  saturation  of  the 
hemc^tobin  with  carbon  monoxide  would  occur  pricu' 
to  (to  the  left  oO  the  steep  uirward  slope  of  die  oxyhe¬ 
moglobin  conoentiation.  Thesediffer^curvesdem- 
onstratethediftierencebetweenhemoglobin'soxygen- 
and  carbon  monoxide-bindii^  affinities. 

The  NatkNial  Institute  for  (Xcupatioiial  Safety  and 
Health  (NI06H)  defines  the  term  effini'y  comtont  as 
"the  number  of  moles  of  oxygen  wi^  must  be  pre¬ 
sent  with  eadi  mole  of  carbon  monoxide  in  order  to 
maintain  an  equal  saturation  of  hemogfobin."”  Re¬ 
ported  difterences  in  the  binding  affini^  aiqiear  to 
refiect  individual  leseardicf'spr^rences;  for  examfde, 
some  aoce{H  210,  others  230,  and  others  250.  When 
carbon  monoxide  binds  with  heinoglobtn,  thebinding 
affinity  of  the  cajbcntyhemoglobincom|dex  for  oxygen 
b  itKieased,  com{>ai«l  to  that  of  norinal  hemoglobin. 
Not  otily  does  the  hemoglobin  coiriboic  preferentially 
with  carbon  monoxide  rather  than  oxygen,  the  oxyhe 
moglobin  dbsodation  curve  b  also  affected  so  that 
oxygen  b  released  less  readily  within  the  tissues  (Rg- 
urell-7).* 

The  physiological  and  dinkal  eftecis  of  carbon 
monoxide  are  primarily  those  of  anoxemia  (oxygen 
want)  from  a  decrease  in  tissue  oxygen  (a  coniUned 
efted  of  the  reduced  oxygerKatiytng  ca{Nicity  and 
inqiaired  oxyhemoglobin  dissociation).  As  a  result, 
die  tbsue  hypoxia  that  b  {iroduoed  folfowing  carbon 
monoxide  exposurebgreaterdian  the  amount  caused 
by  an  equivalent  reduction  of  ambient  oitygen  (eg, 
altitude)  or  equivaleiit  reduction  in  hemo^obin  (eg, 
anemia).*  Maes  dissociating  from  carbon  monoxide, 
the  regenerated  hemoglobin  shows  no  imininiient  or 
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ll-S.  The  caiboxyhemoglobin  dtsMciation  curve. 


Oxygtn  PraMui*  (tnm  Hg) 


Bg.ll*4.Inan(r(ytiemo^obindi3sodationcurvevdecK*sed 
affinity  of  hemo^lofcin  for  oxygen  shifts  the  ffissoiatioa 
curve  to  the  ri^tt  whereas  inocsscd  affinity  for  oxygen 
shifts  die  curve  toward  the  left 


Pr»ssur*  of  O2  In  Mm  oWg. 


Prtssurt  of  O2  in  %  of  an  Atmosphtm 

Hg.lVT^IheprogressiveleftshiftoftheoxyhenwgloMndisaodaHoncqrveiscattsedbyincreasingaatoraMonofhegioglobto 
w^  cathon  monoxide  (I «  0%,  n  B 10%,  in  >  25%,  IV  s  50%,  and  V  «  75%).  This  is  Haldanef’s  great  oontribution  to  our 
understanding  of  the  pathophysiology  of  carbon  monoxide  ejy>iure.Keptinted«dthpennisrion  from  Haldane  IS.  fospf- 
nrtion.  New  Ha  ven,  conn:  Yale  Urdver^  Press;  1922.  e  1922  Yale  University  Press. 
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residual  decrement  of  oxygen-canying  capacity.  The  cause  oxygen  radicals  to  be  generated,  which  would 

hemoglobin  molecule  resumes  its  normal  configura-  result  in  c^ular  damage.” 
tionaxd function^  TheresidualdinicaleffectsfoIlow>  More  subtle  modes  of  injury  or  dysfunction  may 
ing  carbon  monoxide  poisoning  appear  to  be  second-  also  be  possible.  Humaits  normally  produce  small 

ary  to  tissue  damage  caused  by  oxygen  deprivation  at  quantities  of  carbon  morroxide  through  the  action  of 

the  level  of  the  affected  organ.*  ^enzymehemeoxygenase  Thefectthatherrteoxy- 

However,  because  ?0%  to  15%  of  the  body's  total  genaseispresentinhi^conoentrationinseveralareas 
carbon  monoxide  is  bound  in  the  extravascular  of  the  braitv  together  %vith  carbon  monoxide's  known 

spaa,””  it  rtuy  be  that  some  of  carbcm  rtumoxide's  ability  to  activate  intracellular  enzymes  that  are  im- 

toxkity  is  not  directly  related  to  defective  oxygen  portant  in  the  regulation  ofcellular  function,  suggests 

trartsporL  Cytochrome  03  oxidase  has  been  suggested  thatcarbonmonioxidemightserveasatteurotransmit' 
asthe(orpeihaps0)majorsiteoftoxicactkmofcarbon  ter  in  the  central  rrervous  system  (CMS).”  itiseasyto 

monoxide.””  In  addition  to  cytoduome  oxidase,  imagiite  that  sirtall  amounts  of  exogenous  cartxm 
other  extravascular  proteins  that  bmd  with  carbon  momndderrughtcauseundesirableeftectsthatarenot 
morundde  indude  other  heme  proteiits  such  as  myo-  associated  wi^  carbon  monoxide's  efiect  on  oxygen 
globin,  artd  cytochrome  P-450.  The  interactkm  of  transport  not  only  in  the  CMS  but  pahapsdsewhm 

carbon  motroxide  with  the  hypetpetoxidases  rtright  asw^ 

HEALTH  EFFECTS 


In  experiments  using  himsdf  as  die  study  subject  in  (discussedearlierinthisd)apter),whooondudedthat 

1895,Haldane  repotted  thathe  noted  the  firstai^nrent 

effects  of  carbon  monoxide  exposure  at  a  concentra-  •  IpartcarbonmonoxideperlO^lOOpartsainbi- 
tion  of  approxinutdy  20%  caiixixyhemogiobin.'  At  ent  air  nuy  produce  cavities; 

that  levH  he  noted  (in  association  with  running  up  •  2  parts  per  lOAW  may  be  fatal;  and 
staits)dizziness,palpHation,andhypetpnea.  Haldane  *3  parts  per  104XX)  is  fetal  witliin  20  minutes  for 

reported  increased  pulse  rate  and  deeper  breathing  at  ainanatiestandmuchsoonerdurlng]Aysical 

30%catboxybemoglobinsaturation;however,because  exertkm.” 

he  feared  he  would  feint,  he  did  not  report  on  exertion 

at  40%  saturatkm.  His  hearing,  vision,  and  intdlect  Symptomatology  and  collapse  from  exposures  had 

seemed  impaired  at  levebof50%,  with  impaired  mo-  beencorrelatedv^exposuresearlytntheTOthcen- 
torfurictkm,dirnitushed  writing  ability,and  impaired  tury:  aroughesdmateirftimetolethaJityforiiumwas 

perception.  Associated  signs  Muded  extreme  exer-  associated  withbfeadiing02%carbonmonoxidefor4 
ciseintdetanceandcoilapseat50%carboxyhemoglobtn  to5  hours,  or  0.4%  for  Ih^.  For  air  containing  2%  to 

content  5%  carbon  ironoxide,  such  as  is  found  in  mine  cxjdo- 

Earlyreportsindicatedthatdeathresultedatalevel  sions,afewbreathswereconsideredlethal,withdeath 
of  approximately  80%  carboxyhemoglobin.  Mostun-  occurringas''quicklyasiitdrowning''or''rapkUyasif 
consdousindhridualsdidnotimmediatetyregaincon-  struck  by  li^tnir^"^  In  cases  of  rapid  ccdlapse^  rK> 
sciousiess  with  treatment  and  individuals  idio  re-  apptdierision  or  ofter  apparent  prodromal  wamir^ 

mained  unconscious  for  periods  lot^er  than  24  hours  were  reported.  Poisonings  associated  widi  lower  con- 

after  their  removal  from  exposure  were  ontsidered  to  centrations  of  carbon  monoxide  were  reported  to  cause 

have  significant  potentiaK^S  or  cardiac  sequdae.*  headache,  tnuutus,  epigastric  distress,  weakness,  hal- 

Haldaiteinitlaliy  postulated  thatacoTKentiationof  hremations,  Uuned  vision,  and  convulsions. 

0X15%  carbon  moTKodde  in  ambient  air  would  be  re¬ 
quired  to  produce  an  in  vivo  cemcentration  of  30%  AutopqrHndings 
csuboxyhemcglobininhumsns.  The  observations  and 

conclusions  derived  from  subsequent  experiments  re-  Early  reports  of  death  attributed  to  carbon  monox- 

sulted  in  the  reviskm  of  the  exposure  level  to  0X32%  ide  poisoning  indicated  dut  aratomk  autop^  find- 
(200  pptrO  of  ambfent  carbon  monoxide  to  produce  ings  were  hdpful  in  di^ttosisef  the  cause  of  death. 

30%  saturation.^  The  sldn  coke  of  the  poisoned  person  differs  from  die 

The  rdation  between  carbon  memoxide's  toxicity  skin  color  of  persons  dying  of  other  causes.*  Thefece 

and  its  concentration  in  ambient  air  had  been  empha-  may  be  bright  red  and  rose-red  qjols  may  be  present 

si2edl^theIienchaudiorsofthe19t8medkaItreatise  on  the  fece,  nedc,  breast,  aixi  Urnhs.  The  color  of  die 
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skin  between  the  red  areas  is  also  likely  to  be  abnormal 
and  may  be  cyanotic.  Blood  color  in  poisoited  indi¬ 
viduals  can  range  from  bright  red  to  very  dark  red  to 
black.  There  is  no  change  in  blood  coagulation. 
Ecchymoses,  effusions,  or  hemorrhages  occur  with 
reddening  of  the  digestive  tract.  There  are  no  marked 
characteristicchanges  in  the  respiratory  tiact,a]  though 
a  thick,  frothy  mucus  or  digestive  contents  havebm 
found  in  the  upper  respiratcny  passages.  Hyperemia 
of  the  brain,  with  edema  and  blood-tinged  intraven¬ 
tricular  fluids  are  charactenstic  findings  at  autop^. 
Local  hemorrhagic  lesions  may  range  from  miao- 
sccpic  to  "the  size'of  an  appk."* 

Other  pathological  abnormalities  indudiirg  spec¬ 
troscopic  evideiKe  of  carboxyhemoglobin,  broiKho- 
pneumonia,  fatty  degeireration  of  blood  vessels  and 
heart,  extensive  tissue  hemorrhage,  necrosis  of  Are 
lenticular  nucleus,  thrombosis,  and  eiKephalitis  were 
commonly  reported  sequelae.^ 

Signs  and  Symptoms  of  Carbon  Moooidde  PoiKMiiiag 

The  progression  of  signs  aird  symptoms  of  carbon 
monoxide  poisoning  and  increasing  levels  of 
carboxyhem^obin  were  described  in  and  have 

been  reproduced,  with  minimal  modifications,  in 
medical  textbooks  for  more  than  half  a  century  (Table 
11-1).*  Although  more  recent  researdters  have  recog¬ 
nized  that  the  carboxyhemoglobin  level  may  not 


always  correlate  with  the  degree  of  clinical  impair¬ 
ment  associated  with  intoxication,  the  tabular  infor¬ 
mation  remains  useful  as  a  general  guideline.'^ 

The  critical  target  organs  of  carbon  numoxide  ex¬ 
posure  (a)  are  rrretabolicaUy  active  arxl  (h)  require 
continuous  supplies  of  oxygen-rich  blood.  Thenvxt 
critical  organ  sterns  appear  to  be  the  heart  ccnd  the 
CNa*|‘^ 

A  carbon  mottoxide-exposed  irtdividual  may  ap 
pear  to  be  grossly  normal  and  the  typical  tmdings  of 
carbon  monoxide  poisoning  may  not  be  identifrcd 
during  a  routitte  exam.  Theftndingsaremoreappar- 
entif  theexamirution  isdirected  toward  abnormalities 
of  fuTKtion  of  thebasal  ganglia.  Insultsofbasal  ganglia 
fuTKtion  are  characteristic  of  carbon  mono:^  in¬ 
toxication  aird  indude  tremor,  slowed  reaction  lime, 
mipaired  inanual  dexterity,  unpaired  hatrdHeye  coordi¬ 
nation,  and  difficulty  sequeiKingoomplexmoverr.jntSL" 

With  high-concentration  exposures,  carbon  mon¬ 
oxide  is  rea^y  absorbed  aiul  tte  carboxyhemoglobin 
content  mcreases  rapidly.  In  this  circumstance,  only 
transient  weakness  or  dizziness  may  be  tK)(ed  before 
the  individual  becomes  unconscious.  When  expo¬ 
sures  are  more  proiongedand  the  carboxyhemoglobin 
content  iiKteases  slowly,  affected  indidduals  may 
remain  consdous  but  unable  to  escape  because  of 
weakness  or  impaired  judgment*'^ 

Based  on  lay  accounts  and  clinical  dffietvalions,  the 
military  drcumstance  in  which  exposure  conditiotis 


TABLE  11-1 

SIGNS  AND  SYMPTOMS  OF  CARBON  MONOXIDE  POISONING 


Carboxyhemoglobin 

Saturation  (%)  Signs  ami  Symptoms 

0-10  None 

0-20  Tightness  across  forehead,  possibly  slifdrt  headache,  dilation  ofcutaneousbkxid  vessels 

20-30  Headache,  throbbing  in  temples 

30-40  Severe  headache,  weaknes^  dizziness,  dimness  of  vision,  nausea  and  vomitbg,  collapse 

40-50  Same  symptoms  as  at  30%-40%,  but  with  greater  possibibty  of  collapse  and  syncope,  and 

incte»ed  rates  of  respiratkm  and  pube 

50-M  Syncope,  increased  rates  of  respiration  and  pulse,  coma  with  intermittent  convulsions, 

Cbeyne-Stokes's  re^rnation 

60-70  Coma  with  intenniHent  convulsions,  depressed  heart  action  and  respiration,  possibly  leading 

to  death 

^>-80  Weak  pulse,  slowed  respiration,  respiraloty  buhirc^  and  death 

Source:  Adapted  from  Sayers  RK,Yant  WP.  Dangers  of  and  treatment  for  carbon  monerddepoisoniag.  Xqurtstf  /nwsfi^Mns.  US  De¬ 
partment  of  the  Interior,  Bureau  of  Mines;  May  1923.  RI 247*.  Available  from  UPDATA  PubticatioRS.  Inc  Los  Angeles.  Calif. 
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were  supeiimposed  on  combat  conditions  com{^ 
cated  the  Indit^ual's  awaneness  of  the  symptoms  of 
cafbonmonoxidepoisoning.  Withthemoderateexpo- 
sures  experienced  during  World  War  I,  the  onset  of 
symptoms  of  intoxication  associated  with  uncom;^ 
cated  anoxemia  was  often  first  noticed  as  a  loss  of 
power  in  the  limbs.  Giddiness,confusion,breatoles6- 
nessyand  paljritations  were  reported  tofbUow  irtoeas- 
ingairibi^caibonmonoxideconcentrations.  Mental 
confusion  caused  individuals  to  appear  drunk  shout¬ 
ing  incoherently,  laughing,  sureaiing,  or  praying.  The 
niental  confusion  appeared  to  suppress  the  desire  or 
ability  to  sedc  escape  despite  apparent  danger.  As 
iimittog  factors  in  egress  and  avoidatKe,  toe  mental 
impairments  associated  with  carbon  monoxideexpo- 
sureappearedtobecompoundedbytoelossofstrengto 
in  the  limbs.  With  progressive  apathy  and  hdpless< 
itess,  many  mdividuals  passed  ^adualiy  into  coma 
and  death.* 

In  contrast  to  the  rapidly  progresove  signs  of  acute 
exposures  to  high  ambient  carbon  monoxide  coiKen- 
trationsy  numy  cases  of  mild  poisoning  devdoped 
more  slowly  aiki  %vere  associated  wito  the  nonspecific 
dirucal  wamingstgns  of  headache  and  nausea,  smtilar 
to  those  experienced  with  mountain  sidotess.*  The 
degree  of  cUtucal  response  depeitds  on  the 

•  rate  of  absorption, 

•  final  carboxyhemoglobin  ccmcentration  in  the 
bkx)d, 

•  duration  of  hypoxia, 

•  preexisting  h^th  status,  ai«d 

•  cotKurrent  whole-body  oxygen  requirement* 

Theearliestandmostoonstantocularsignsofcar- 
bem  monoxide  exposure  are  congestion  of  toe  retinal 
vessdsandhyperemiaoftheoptkdisc  W.liWilmer 
noted  in  1921  that  findings  of  amblyopia  and  com{dete 
blinditess  weresequdae  "not  infiequeriUy^obser^^*” 

Stagii^  of  Signs  and  Symptonw 

Snee 1909,  toe  signs  aivdsymptoors  associated  with 
exposures  have  been  divided  into  two  stages,  depend¬ 
ing  cm  toe  responses  of  toe  nervous  system.*  SUgel, 
fromnorinaItothecHi3etofsyncope,boften  associated 
witoneurolo^kal  stimulation.  Stogelrignsandsymp- 
tomsmayiiKludetightnesactossthefbrdieadfCuta- 
rieous  vascxUIaUtion,  frontal  or  basal  headache,  throb- 
Ung  of  the  temporal  regions,  wealmess,  dizziness, 
nausea,  venniting,  loss  of  strength  ormuseular  control, 
iiKreased  pulse  orrespiiatioii,aiwloonap8e.  Signs  and 
symptoms  are  more  severe  .toen  exposure  is  assod- 
atod  witoexerdse: 


Menatrcsthaveoftenbeenexposedtocarbcmmon- 
oxide  all  day  without  noticing  any  marked  ill-effieds, 
but  on  walking  home  or  exercising  have  experienced 
severe  symptoms,  even  to  unconsciousness.* 

Incasesofhlgh-doseexposuresytoeonsetofsyn- 
cc^  may  be  rapid  and  not  associated  with  other  signs 
or  symptoms.* 

SiageUfromsyncopetoccmiaanddeatliyisdwuac- 
terized  by  nervous-systemdepression.  These  signsand 
^mptoms  indude  an  increa^  in  pulse  and  re^Mia- 
tion,  fall  in  bkx)d  pressure,  loss  of  muscular  control, 
loss  of  ^hirretor  teme,  loss  of  reflexes,  convulsitms, 
Qieyne-Stokes  respiration,  slowed  pulse,  decreased 
respiratory  activity,  apnea,  aird  death.* 

Er^oaitre  and  Mosciilar  Exertion 

The  character  and  degree  of  symptoms  associated 
witocarbcmmonoxideexposuiedependonthedura- 
tkm  aitd  concentration  of  exposure  and  the  amount  of 
muscular  activity.  The  symptoms  and  afterefiects  of 
exposure  are  ntore  severe  after  pitdcmged  than  after 
short-term,  high-level  exposure.  Mtisoilar  activity 
increases  oxygen  demand  artd  accentuates  exposure 
cfiects;  resting  individuals  may  experieitce  no  ^mp- 
toms  prior  to  the  onset  of  unconsdousness.*** 
Therdationshipbetweencarbemmonoxideabsorp- 
tion  and  exercise  isdirectfypropoTtionaltotheamount 
ofairbreathed.Atmodetateexerdse,apersonbreatiw5 
approximately  twice  as  fast  as  at  the  resting  rate; 
thoefore,  catoon  monoxide  absorption  is  approxi- 
matdy  doubled.  Heavy  work  iitcreases  the  respira¬ 
tory  rate  by  approximate  3- to  4-fbId,  with  a  propor¬ 
tional  increase  in  carbm  monoxide  absorption.* 
Hrefighters  are  at  extreme  risk  of  carbon  monoxide 
exposurewhileworidiegata  heavy  degree  of  exertion. 
For  example,  researchers  have  estimated  that  a  fire¬ 
fighter  has  a  2J%  increase  in  carboxyhemoglobin  after 
2mimites  of  exposure  toa  concentration  of  1/100  ppm 
(0.1%).  With  hravy  exerdse,  a  60%  increase  in  catb- 
oxyhemoglobin  content  is  predicted  after  a  2-miirate 
exposure  to  2%  carbon  Dwnioxidcand  a75%  increase  is 
predicted  after  a  l-nUnute  exposure  to  5%  (50/100 
ppm).**  Other  factors  such  as  low  oxygen  pressures, 
high  temperature,  and  high  humidity  aim  erase  a 
relative  inaease  in  caibon  monoxide  absexptioa* 

vcntm  ricnrottv  siyitcsi  citccif 

Ihe  plethora  of  signs  and  ^rmptoms  of  carbon 
monoxide  poisoning  are  diaracteri^  of  those  seen 
%vito  progressive  h^xia,  but  they  also  can  rnintic 
viitudlyany  tieuroiogicaiorpsydiiatriciUness.  Signs 
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consistent  with  multiple  sclerosis,  paiiinsonism,  bi¬ 
polar  disorder,  schkqjhrenia,  and  hysterical  conver¬ 
sion  reaction  have  bem  reported  in  association  with 
acutecarbonmonoxkleintoxication."  NutnerousQ^S 
sequelae  foUovdng  carbon  monoxide  poisoning  have 
bemreported.  Thi^  may  include  headadie,  muscular 
pain,  of  strength,  loss  of  memory,  paralysis,  tem¬ 
porary  blindness,  and  mental  derangement  Inmost 
cases,  the  sequdae  clear  within  a  few  days,  but  nuy  be 
seen  for  months  or  years  following  the  acute  event* 
CNSsequelaehaveb^ reported  to includechoreiform 
movements  arul  convulsioi«s,*^  cortical  blindness, 
peripheral  neuropathy,  and  delayed  neurological 
sequdae.^  Neuropsychiatric  sequelae  may  be  irwre 
common  than  is  generally  appreciated,  wiA  findings 
of  permartent  sequelae  sudt  as  persorrality  deteriora- 
ticn  or  memory  loss  in  03%  to  10%  of  patients.^ 

Acute  tteur^havioral  effects  of  carbon  mortoxide 
exposure  sudi  as  compromised  dark  adaptation  attd 
impaired  visual  tracking  have  been  postulated  to  im¬ 
pair  performattce  in  aircraft  handlingand  target  acqui¬ 
sition.  Military  medical  concerns  abwt  the  |»esuri^ 
impact  of  the  .leurobiological  effects  on  performance 
resulted  in  the  promulgation  of  catboxyhemoglobin 
ievris  for  carbon  monoxideexposuretev^and  equip- 
Dtent-designspecirications.*^  Visual  acuity  appear^ 
to  be  impaired  by  catboxyhemoglobin  Iwels  in  the 
range  of  3%  to5%* 

Sdentiflc  studies  perfomred  ar.d  published  within 
the  last  several  years  have  failed  to  replicate  the  find¬ 
ings  of  eariierneuTobehavioFal  studies.  For  example, 
iiKlividuals  who  were  exposed  to  carbon  mortoxide 
sufficient  to  producecarboxyhemoglobin  levds of  16% 
to  23%  failed  to  exhibit  significant  differences  related 
to  clinical  symptoms,  eiectroeitcephalographic  re¬ 
cordings,  and  compensatory  visual  tracking  from  the 
control  group.*''” 

Orcolatoiy  Effects 

The  heart  depertds  alntost  exclusively  on  aerbbk 
metabolism  attd  is  a  highly  sensitive  organ  to  the 
decrease  of  oxygen  secondary  to  carbon  monoxide 
exposures.  Under  noimal  conditions,  the  heart  musde 
extracts  both  pyruvate  aitd  lactate  for  use  in  metabolic 
oxidation.  However,  at  carboxyhetiKiglobin  levels 
above  8.7%,  neither  b  extrkted  ai)d  boffi  are  produced 
by  the  myocardium.'^ 

Individuab  with  crwnpromised  cardiac  vascularity 
may  have  increased  ser^tivity  to  carbon  nrcnoxide 
exposures  and  could  experience  angina  at  low 
catboxyhemoglobin  co.'yvntrations.  A  preUminary 
series  of  studies  suggested  an  earlier  mset  of  ait^na  in 
individuab  with  carboxyhemoglobin  corKentratfotvs 


as  low  as  2%  to  3%.  Although  those  studies  failed  to 
endure  peer  review,  it  has  b^  postulated  that  angina 
could  occur  in  woridng  individuab  following  carbon 
monoxideexposure.*  Otherstudiesindicatethatmych 
cardial  irritability  may  result  in  abnormalities  of  the 
electrocardiograph  or  arrhythmias  with  carboxy¬ 
hemoglobin  leveb  above  approximately  9%.^ 

Qt&t  pain  and  tadiycardia,  in  response  to  tissue 
hypoxia,  may  be  present  with  carbon  monoxide  poi- 
sotting.  Catixm  monoxide  lowers  the  threshold  for 
ventricular  tachycardia  and  therefore  death  secondary 
to  arrhythmia  b  commonly  associated  with  poison¬ 
ing"  IiKiividuab  with  preexisting  cardiac  disease, 
coronary  artery  disease,  anemia,  and  lung  disease  are 
more  susceptible  lo  the  effects  of  carbon  moitoxide- 
induced  tissue  hypoxia.”'*’ 

A  study  titled  Non /rrnisfof  Amhubtofy  Assesstnent  of 
Cardiac  Function  and  Mifocardial  Ischemia  in  Healthy 
SubjectsExposedl0CarbonMonoxide(CO)ismptog^ess 
at  the  U5.  Army  Biomedical  Research  and  Dev^op- 
ment  Laboratory  (USABRDU,  Fcnt  Detrick,  Hederick, 
MarylaiuL  Theproposedresearchattempbtoexplore 
the  potential  interaction  between  progressive  leveb  of 
carbon  monoxideexposuresaivd  myocudialre^xxises 
in  human  subjects.  Itbhypothedodly  (dausi^that 
increasing  leveb  ed  exposure  may  induce  signs  or 
symptoms  or  both  of  myocardial  bdxnua  among 
crews  of  armored  vehicles.  In  these  vehldes,theciew 
b  routinely  exposed  to  the  same  levds  of  carbon 
moimide  that  have  been  associated  with  ischemic 
responses  in  experimental  animab  and  human  sub¬ 
jects.””  It  bpo^ble  that  a  soldier  with  early  cardio¬ 
vascular  disease  could  suffer  an  adverse  myocardial 
event  If  he  or  she  b  exposed  to  the  coiKeritrations  of 
carbem  monoxide  thatcan  be  generated  when  armored 
vehicles  are  operated , 

Specific  objccth'es  of  thb  study  arc  to  identify  the 
petentia]  adverse  relationshipsbetweencatdioptdnto- 
nary  response  and  progressively  increasing  leveb  of 
cartexyhemoglobin.  Dosage  ranges  for  carbon  mon¬ 
oxide  exposures  will  be  martipulated  by  monitoring 
control  of  carboxyhemoglobin  leveb  in  a  range  of  5% 
to20%.  In  addition,  the  simultaneous  performaiKe  of 
simulated  work  loads  approximating  moderate  efibrt 
at  the  tank  loader  position  will  be  superimposed. 

The  initial  study  will  O’aluate  cardiac  performance 
profiles  in  20  apparently  healthy  research  volunteers. 
Hve  experimental  conditions  will  be  imposed,  with 
the  subjects 

1.  at  rest, 

Z  on  a  treadmill, 

3.  performing  upper-body  exercise, 

4.  cnatreadmilland  exposed  to  incieasirtg  lev- 
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els  of  carbon  nvrnoxide  exposures  (5%,  10%, 
15%,  and  20%  caiboxyhemogkibin),  and 

S.  parfomitng  upper-body exerdseand  exposed 
to  cxmtpatable  increases  in  carbon  monoxide. 

In  one  report,  tlte  capacity  of  individuals  with 
carboxyhemoglobin  lev^  of  15%  to  20%  to  perform 
short-duraticu  subtnaximal  physkal  work  was  not 
compromised.  Individuals  with  10%  to  13% 
carboxyhemoglobin  levds  who  performed  work  at 
35%  of  the  maximal  work  rate  denumstrated  only 
minimal  increases  in  heart  rate  after  working  periods 
of35hours.  The  maximum  work  capacity  (as  defined 
by  the  maxinnun  amount  of  oxygen  that  am  be  baits' 
ported  hy  the  cardiopulntonaiy  systems,  which  is 
described  as  Vp2  mu)  is  decreased  following  carbon 
monoxideexposures  that  generate  carboxyhemoglobm 
lcveblessthanS%.  The  capacity  to  perform  physical 
wodc  is  dramatkaOy  comprombed  at  carboxyhento- 
globin  levels  in  excess  of  40%  to  45%.^  Time  to  fatigue 
and  time  to  angiiM  are  both  shortened  after  carbem 
Qtonoxide  exposure.^ 

Chtonk  Effects 

Ef^icts  of  chitmic  exposures  to  carbon  memoxide 
weie  reported  in  the  early  1920s.*  Two  groups  of 
woikers  were  identified:  those  who  become  aedi* 
mated  and  those  tdio  do  tto!.  ER.Hayhurstbdieved 
(hat  the  acclimation  differoKe  was  probably  assocH 
ated  with  cardiac  oemdition  at  the  time  of  exposures. 
Those  individuals  who  were  able  to  become  aodinu' 
tized  developed  compensating  increases  in  their 
erythrocytecountsandhenroglobin content  Although 
Hayhur^s  coiKlusion  remams  controversial,  odiv 
inv^gators  have  conduded  that  long-term  expo¬ 
sures  to  carbon  monoxide  may  be  associated  vnth 
atteriosderotic  heart  disease.®^ 

After  being  removed  fn»n  carbon  moiKndde  expo¬ 
sures,  pa  oenls  usually  progressivdy  improve  without 
sequelae  to  complete  tecovety.  However,  some  pa¬ 
tients  may  ha  ve  a  transient  period  of  apparent  nonnal 
fbysiologkal  recovery  for  days  to  we^  after  poison¬ 
ing,  dien  devdop  evidence  of  CNS  or  cardiovasculsr- 
^stem  impairment''”  In  early  reports,  the  prognosis 
of  recovery  following  orbon  monoxide  exposure  was 
considered  to  be  associated  with  the  degree  of  as- 
l^yxia  related  to  the  exposure.  In  many  cases,  men 
who  were  exposed  to  caiixin  monoxide  in  mines  were 
thought  todevek^apermanent  weakness  of  the  heart 
mus^a9aooroequence.*CXiiersevereexposuicswcre 
reported  to  cause  loss  of  vision,  ^jccch,  or  other  CNS 
defects.  Hotvever,  more  recent  reports  suggest  that 
carboxyhemoglobin  levels  correlate  wifo  ndfoer  the 


severity  of  the  acute  poisoning  nor  the  potential  for 
ddayed  effects.” 

The  sequdae  of  nonkthal  acute  exposure  to  carbon 
monoxide  reported  in  the  literature  oi  the  early  190(b 
induded  pneuiitonia,  psychoses,  paralysis,  bulkms 
skin  lesions,  aiwl  gangreite.*  The  spectrum  of  medical 
opinion  concerning  potential  sequdae  of  exposure 
rqxffted  in  the  literature  was  broad  and  contiovcrsiaL 
Fot  example,  the  chief  surgeon  of  an  lUitKM  steel 
company,  wlio  had  extensive  experience  in  caring  for 
carbon  monoxide-poisoned  workers,  reported  that  he 
had  never  seen  a  case  of  p^dtosis  directly  attributed 
to  the  carbon  monoxide  exposure,  In  contrast,  a  coit- 
tonporary  piacfifirmer  li<^  105  neuropsydiiatric 
coirditioitsfiutweieassodated  with  carbon  monoxide 
exposure  sequelae.  The  most  cemunon  acute^mset 
neurological  sequelae  are  aggtessiveness,  moodiness, 
irritability,  impulsiveness,  and  memoiy  loss.  Tran¬ 
sient  CMS  disorders  nuy  indude  neurolo^cal  defidts, 
memory  loss,  cognitive  difficulty,  and  personality 
diange.*'” 

BQaterat  low-density  lesions  in  ffiearea  of  theglobus 
pallidus  are  draracteristic  findings  associated  with 
carbem  monoxide  poisoning  and  ntay  be  identified 
using  computed  toirtography  or  magnetic  resonance 
imaging.  The  lesions  are  usually  seen  in  about  50%  of 
individuals  with  severe  poisoning;  however,  neuro- 
radidogical  studies  may  not  be  positive  for  2  to  3  days 
foDo%vtng  acute  poisoning.  Lesions  in  the  gray  matter 
of  the  basal  ganglia  may  regress,  but  iedons  in  the 
white  matter  are  likdy  to  become  permanent  and  a 
ddayed  neuropathy  will  ensue.” 

Theddayedneuropsyduatriesyndrome  may  occur 
as  long  as  6  weeks  aftff  the  patient  has  recover^  from 
acute  toxic  exposure  to  carbon  monoxide.  The  syn¬ 
drome  occurs  as  a  comfdication  in  2%  to  30%  of  carbon 
monoxide-potsoned  patknls.*  The  first  case  was  re¬ 
ported  in  1926.  A  5S-year-old  woman  had  attempted 
suidde  with  carbon  nvxroxide  inhalation.  After  acute 
recovery,  the  woman  became  mute  and  suffered  pro¬ 
gressive  disorientation  and  parkinsonism,  followed 
by  death.  The  autopsy  revealed  bilateral  necrosis  of 
the  globus  pallidus  arid  vridespread  demyelinization 
of  the  subcortical  white  matter.” 

EMaycdsequdaeappeartobefrrquentintheyoung 
«k1  dd,  but  more  commonly  occur  in  dderiy  patients 
who  have  suffered  coma.  All  individuals  who  sufiier 
coma  do  not  experience  delayed  neurological 
sequeiae,”but  coma  has  been  identified  asaiisk  factor 
in  odver  reports.*  Ohical  signs  of  ddayed  sequdae 
may  indude  urinary  or  fecal  mcontinence,  weakiress, 
gait  disturbancM,  tremor,  mutism,  speedi  abnor¬ 
malities,  and  mental  deteiiocatkm.  Gimplete  recov¬ 
ery  occurs  in  about  75%  of  individuals  within  a  year.* 
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DIAGN(»tS  AND  TREATMENT 


It  cannot  be  emphasized  too  strongly  that  the  9gns 
and  symptoms  of  carbon  ntonoxide  poisoning  ate 
pleomor^uc  headadws  of  varying  degrees  of  sever¬ 
ity,  dizziness,  luusea  and  vomiting,  Uurrcd  viskm, 
impaired  Hunldng,  aitd  numbness  aitd  seizures.^'** 
Therefore,  physicians  must  ntaintain  a  high  degree  of 
suffMcion  wli»  confronted  with  a  patient  who  inani- 
fiests  some  or  all  of  these  signs  and  ^mptoms.  A 
diagiKTsis  carbon  monoxide  poisoning  will  fiojr  be 
made  unless  the  physician  thirties  to  order  confirming 
laboratory  tests. 

dinical  Diagnosis 

Laboratory  evaluations  for  carbon  monoxide-^roi- 
soned  patients  are  usually  deceptivdy  normaL  with 
the  exceptkms  of  the  Uo(^  carbox^teotoglobin  coit- 
tent"  arid  devated  carbon  monoxide  concentratiotts 
in  exhaled  breafiL*^  The  arterial  oxygen  contentsap- 
pear  normal  and  fail  to  confirm  dte  initial  diagnostic 
impression  of  anoxemia.  Thisisbecauseconventioftal 
laboratory  analysis  depends  on  two  determinations: 
(t)  measurement  of  foe  partial  pressure  of  oxygen 
dissolved  in  foe  plasma,  which  is  used  to  estimate  foe 
oxygen  saturation  of  hemo^ktbin  fiom  a  startdard 
oxyhentoglobin  dissociation  curve  (see  Rgure  11'^). 
T  '‘ahie,inconjunctionwifofoemeasuredcoiKeit- 
tration  of  hemoglobin,  is  used  (2)  to  estimate  foe  arte¬ 
rial  oxygen  content  Uirfoctututdy,neifoerfoepartial 
pressureofoxygendissolvedinplasmanorfoecon- 
onrtratkm  of  henwgkdrin  is  affected  by  foe  presence  of 
carbonmonoxideinfoeblood.  Because  foe  labcratory 
detenninatkm  of  arterial  oxygen  saturation  depends 
on  two  parameters  that  are  not  directly  afiec^  by 
carbon  nxmoxidc,  it  b  not  surpti^i^  foat  significant 
hemoglobin  desaturatkm  may  be  missed. 

Analyzing  exhaled  air  has  been  advocated  recently 
as  a  method  of  ireasurement  of  blood  leveb 
catboxyhenroglobin  fdlowir^  carbon  monoxide  ex¬ 
posure.  Measuring  the  carbon  monoxide  coTKentra- 
tion  in  eitd-alveolar  breath  samples  after  foe  subject 
has  hdd  hb  or  her  breath  for  20  seconds  has  two 
advantages:  foe  equipmerttbfidd  transportable  artd 
takes  mfoimal  training  for  proper  tse  Some  authori¬ 
ties  indicate  that  foeniefood  ban  acceptable  teduiique 
for  documenting  rvoriqrface  eeposute  controb.** 

GifnmonlyavailablelaborataiyQiodblitiesareinre  v 
dbgiKisticbutinaybeconfinnalofy.  MetaboHca. 
sb  may  be  reflected  by  an  foceased  level  of  iactk  add. 
Bkxxi  ghtcose  levd  and  iwn^jedfic  enzyme  levek 


indicative  of  tissue  injury  (eg,  creatine  kinase,  lactate 
ddiydrogenase,  alanine  transferase,  and  aspartate 
trarrsferase)  may  be  devated.” 

ElectTocaidiograjfoic  findings  are  not  ^ledfic  for 
carbon  monoxide  intoxication,  but  demorrstrate 
changes  cortsbtent  with  hypoxemia.  Irrdhridualswifo 
coronary  artery  disease  iruiy  complain  of  angina  with 
carboxyhatK>gIobinlevdsaslowasIO%."  Atamini- 
mum,  an  decliocaidiogiaph  should  beobtairted  for  an 
individuab  with  dicst  pain  who  have  been  exposed  to 
carbon  monoxide.  Atcarboxyhemoglobiniev^above 
25%,  ST  segment  depression  may  be  seen  in  leads  n, 
VyandV^  Depletion  of  the  ST  segment  has  been 
uSHxl  as  a  criterion  for  instituting  hyperbaric  oxygen 
therapy.^ 

Ticataicnt 

The  essential  first  step  in  tnath^  an  individual 
subjected  of  being  pobor^  by  carbon  morxndde  b  to 
remove  foe  patient  from  foe  potentially  oorrtaminated 
envhoiunent  Thb  action  b  necessary  not  only  to 
prevent  fuifoerpoisotfing  of  foe  patienlbutabc^-«td 
of  equal  importance — to  prevent  poisoning 
the  healfocare  provider.  The  following  measures 
should  be  instituted  oiKe  foe  patient  b  in  a  safe 
envirorurtent: 

•  InseitanendotiachealairwayiffoepatefKyof 
foe  patient's  upper  airway  b  compromised. 

•  VentOatemechanicallyifthepatieitfsie^na- 
toiy  gas  exchange  b  inadequate. 

•  Infiiseintravenousfiuidsandvasoactivediugs 
if  circulatory  shock,  b  present 

The  patiertt  should  receive  supplemental  oxygen  at 
a  concentration  of  100%  as  soon  as  possible.  Thb 
requirement  win  necessitate  foe  use  a  tight-^tting 
hux  mask  if  intubation  of  foe  upper  airway  has  not 
been  performed. 

The  Ireatmerit  of  carbon  monoxide  pobonhtg  b,  in 
theory.extremdy  simple:  increase  thepaitial  pressure 
of  oxygen  in  foe  hmgs  so  as  to  dkqyiace  carbon  moiK>x- 
idefomfoecaibcxyhemoglobin.  Alfoouf^ddiver- 
ir^  100%  oxygen  at  1  atm  b  an  effective  modality,  fob 
displacement  can  be  acederated  bf  usit^  h^rer 
ambieia  pressures.  ThetedmologyfOTcxeatfrigjimibi- 
ent  environmenb  of  super-atmospheric  pressures  has 
longexbtedfib  first  known  use  was  in  IMlbotHs  use 
until  recently  was  confined  to  treating  deep  sea  divers 
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stridcenwUhdecompiesNixisidcneas.  BecauseddtV' 
eringpui«o]^genathypnt»ricpfttsinesisiiawuMd 
totreatanundier  of  conditions,ttis  not  surprising  that 
hypetbaric  oxygen  has  also  beai  applied  to  cubon 
monoxide-poisoned  patients.'* 

Catboxyheinoglabin  re^xmse  curves  using  room 
air,  100%  oxygen,  and  hyperbaric  oxygen  treatment 
modalities  can  oe  oon^Mrod,  usii^  tte  half4ife  of 
catboxyhemogloUn  concentrations  for  room  air  (5  h 
and  20  min),  100%  oxygen  ddtvered  by  ti^itiy  fitting 
maskd  hand  20  mii0,and  hyperbaric  oxygen  atSatm 
(23min)  (Figure  11-8).  Ddiveryofhypetb^oxygen 
at  3  atm  results  in  file  fdiyrical  dissolving  of  6A 
volumes  percent  (eg,  6.4  mL  oxygen  in  100  mL  plas¬ 
ma),  iriiiA  is  sufficient  to  di^^M  carbon  rxwnoxide 
fcom  cytoduome  oxidase  in  tissues.”  When  file 
patientbreathesoxygenpressurized  to3atm,  adequate 
oxygen— so£Ekient  to  siqiport  metabedism  even  m 
file  complete  absence  of  functioning  henno^obin— is 
forced  to  dissolve  in  the  plasma.  Brause  file  arterio¬ 
venous  difierenoe  in  oefriml  blood  flow  is  only  6.1 
volume  percent,  the  patient's  aUity  to  adequate 
oxygenate  the  brain  and  other  tissues  improves 
immediately. 

The  immediate  therapeutic  goab  of  hyperbaric  oxy- 
gen  therapy  are  to  reduce  coebral  and  in]rocardiai 
hypoxia,  reduce  cerebral  edema,  and  enhance  caibon 
monoxide  dimixuition.*  Actual  and  sv^gested  ben¬ 
efits  of  hypetbaric  oxygen  therapy  are  that  it 

•  rapidly  provides  sufficient  dissolved  plasma 
oxy  ^  to  meet  file  metabolic  oxygen  require- 
ment; 

•  significantly  enhances  carboxyhemoglobin 
dbsodation; 

•  causes  increased  carbon  monoxide  dear- 
an£e’'^aiid 

•  is  beneficial  in  managing  cerdnal  edema,  a 
cooqiikation  of  carbon  monoxide  poisoning, 
reducing  secondary  itdtacranial  pressure  by 
50%  within  1  minute  of  its  adatinMration.'^ 

It  is  important  to  note  that  some  authorities  bdieve 
that  no  coodusive  evidetKC  yet  demonstrates  a  reU- 
tionsh^  between  a  shortened  duration  of  symptoms 
and  the  frequency  of  delayed  sequelae  of  poisoning.’* 
However,  one  rejesreher  uses  hyperbaric  oxygen  at 

tientisiiotpiutkulatlyiiL  IthasbeenhisexpetieM 
that  patients  tiesied  with  hyperbsiicoxygen  are  spared 
the  prolonged  headache  and  nausea  and  mi^expe- 
ricnoe  fewer  delayed  afteretfects  of  poisoning.’’ 

Alfiwughsotnereiesidicncond^fiiatttiettseof 


Hg.  11-4.  Cabooqbano^oijte  half-life.  The  oooqwnthre 
benefits  of  niedi^  managenent  for  carbon  monoxide- 
latoxicated  patients  usiiy  moan  ah  (a),  100%  oiiqrgen(»), 
and  Iqpeifaaiic  oxygen  atSatnipresMtief*).  Reprinted  wMi 
permMon  fron  Kiadwall  EP.  Carbon  raonoodde  poison¬ 
ing.  IfypahtricOxiffeHKeo.  190Oi:1C2):115-122. 


hyperfaaricoxygen  is  cootrovmial,''another State*  that 
fidiure  to  ndmfoister  Iqrpcrbaric  ou^gen  for  severe^ 
poisoned  patients  has  rnulled  in  suooesaful  ma^nc- 
ticelitiga&n.’’  Others  stress  the  therapeutic  efficacy 
of  hypobaric  oxygen  admiiiistnition.*  Authorities 
geno^  agree  tiMt,  for  individuals  with  no  odier 
risk  fartors,  hyperbaric  oxygen  is  beneficial  if 
caiboxybemoglobin  levds  are  in  excess  of  25%.”' 
The  mod  inqMrtant  reason  for  administerii^  hyper¬ 
baric  oxygen  appears  to  be  the  presence  of  neuroiog- 
ical  defi^  su^  as  disorientation  or  focal  signs,  kxR 
of  consciousness,  and  seizares.*  Other  indications 
include  cardiac  ischemia,  metabolic  addosb,  and 
pregnancy.’ 

ffypeibaric  oxygen  therapy  has  also  been  recom- 
menMforindividualswhoareoonskierBdtobemoie 
susceptible  to  carbon  monoxide  efiects  or  sequdae 
Qnfants  and  driidren,  and  aduhs  who  have  preexisting 
cardiacischemiaorseizaredisordets,'’aiterialva90- 
^lastn,  past  my  ocr.uial  inferct,  anemia,  arid  pregnant 
femaks).*  fetus  is  mudi  more  suscqitible  to 
carbon  monoxide  fiian  file  mother.  Theoxjdiemo^ 
bbidisaodationcnrveforfctalhcrooglobinfetofiieleft 
of  fiiat  for  adult  heoaoglobbtfoKygen  does  not  dteod- 
ateasessflyfiomfelalasftomai^hemog^obin}.  As 
fidoesinadultheinoglobiiwcaiboninonoxideiaactslo 
fonn  fetal  caiboa^ienfo^obiiv  which  accentoates  the 
leftsUft.  CarboKyhem^obin  levels  in  file  fetus  lag 
bdiind  fiioae  in  the  mo4^  however,  file  final  fetal 
hemo^obin  levri  may  be  10%  to  15%  higher  than  file 
maternal  levd.”  In  addition,  the  half  life  of  fetal 
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caiboxyhemoglobin  is  15  hours;  therefore,  it  takes  5- 
fold  longer  to  regenerate  oxyhemoglobin  In  the  fetus 
than  in  the  mothw." 

HypeibaricoxygenfacilitiesareeitheralargawaOc- 
in  clumber  (Rgure  11-9)  or  a  snuli  chamber  that  will 
accommodate  only  one  person.  Tlw  US.  Air  Force 
School  of  Aerospace  M^icine  at  Brooks  Air  Force 
Base,  Texas,  maintains  a  24-hour  per  day  telephone 
system  to  hdp  physicians  locate  the  nearest  hyper- 
baricoxygen  treatment  facility.'*  Although  a  specialist 
in  hyperbaric  medicine  mil  probably  maruge  the  pa¬ 
tient  on  arrival  at  the  hyperbaric  oxygen  facility,  it  is 
important  for  occupatkmal  medicine  physicians  to 
understand  these  thoapeutk  pirocedures. 

One  clinician  uses  a  walk-in  hyperbaric  chamber 
and  routinely  maiugcs  carbon  monoxide-poisoned 
patients  u^g  3  atm  of  oxygen  pressure  for  56  minutes 
(2  half-lives).'^  If  the  catboxyhemoglobtn  rerruins 
greater  than  1 0%  at  that  time,  the  pressure  b  decreased 
to  2  atm  for  the  remainder  of  the  treatment  or  until  the 
carboxyhemogtobin  b  less  than  10?  'n  %'cry  severe 
cases,  the  US  Navy  Decompression  ..eatment  Table 


6bused.'^  The  table  begins  at  ZB  atm  of  oxygen  for  4 
hours,  then  decreases  to  1  atm  over  285  minutes,  with 
5-  to  ISminute  'air  breaks"  interspersed  in  thesdied- 
ule.  OccasknuUy,  patienb  requite  therapy  once  or 
twkedailyforseveraldays.  Patienbnuyrcoovertheir 
menwry  after  thesecond  treatment,3r>d  patienbtreated 
with  hyperbaric  therapy  do  not  appear  to  develop 
delayed  cardiac  or  neurological  sequelae  of  carbon 
monoxide  poisoning.'* 

Hyperbaric  oxygen  administration  has  a  number  of 
therapeutic  advantages,  but  b  also  asociated  with 
potential  complications.  Minor  complications  include 
tooth,ear,orsinuspainordiscomfort.  However.more 
serious  complications— evidence  of  oxygen  pmson- 
ing— can  occur,  iiKluding  substenul  pain,  decreased 
vital  capacity,  or  pulmimry  microhemorrhage,  al¬ 
though  these  conditions  occur  rarely.  Ifindividtuk 
are  treated  for  more  than  6  hours  %vith  oxygen  at  2  atm, 
pulmoiury  oxygen  toxicity  with  mkrohemorrhage 
aixl  fibrosis  has  been  reported.'*  The  only  absolute 
contraind  kation  against  hyperbaric  oxygen  therapy  b 
an  untreated  pneunxithorax." 
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HEALTH  STANDARDS 


Determinit^  the  exposure  levds  at  which  caifaon 
monoxide  causes  healtti  effects  has  been  difficult;  thus 
devdoping  consistent  vaBd  exposure  standards  has 
beenproUematic  Thisbduetoboththelaigenuinber 
of  exposure  variables  that  influence  carbon  monoxide 
poboningandahigh  degree  of  fluctuation  for  many  of 
thevariabies.  For  example,  rirereqjiiatory  rate,  levd 
of  work  effort  baseline  carbon  monoxide  levd,  and 
iridividual  tcdeiarroe  for  carbon  rnonoxide  rrtust  aQ  be 
considered-^  addition  to  carbon  monoxide  levds  in 
air.  Additionally,  a  higft  nsU  of  increase  in  carboxy* 
hemogjkibin  ootKcritration  rxuy  increase  the  probabO* 
itytfiat  symptoms  win  devdop.  No  direct  consistctit 
rdationsh^  between  estimates  or  irteasured  carboxy* 
hemqgjbbin  levds  and  healih  effects  has  been  demon- 
straled,  at  least  far  low-to-modenie  levds  of  exposure. 

The  estimates  of  human  toxkity^  were  die  subjects 
of  early  aderttffic  controversy.  Some  scientists  re* 
ported  oitset  of  symptoms  at  ambient  carbon  monox¬ 
ide  concentrations  of  Oin%,  rdiSe  ofliers  reported 
orwet  of  signs  ar>d  symptoms  at  0J5%.  Anoffierearly 
investigator  estinuted  the  lirtrit  of  toxicity  as  0.2%. 
Sudi  conflicts  result  foom  differing  exposurescenarios 
and  individual  study  difiierefroes. 

Occupational  Safety  and  HeaMi  Adadnistration 

The  federal  statutory  exposure  lirrdts  are  promul¬ 
gated  by  die  Occupational  Safety  artd  Health  Admin¬ 
istration  (OSHA).  The  curieid  penntsstble  exposure 
limit  CPEL)  for  carbon  monoxide  is  35  ppm,  with  a 
odUng  concentration  of 200  ppitu  OSHAhasdefined 
oeflnig  as  a  concentration  diat  should  not  be  exceeded 
during  any  part  of  the  workday.  Ho%vev«r,tfin5tanta- 
neous  monitoring  B  not  feKtUe^  the  oetluig  must  be 
assessed  as  a  15-minute  time-weighted  avenge 
CIWA).** 

The  PEL  is  intended  to  maintain  drecarboxyhemcK 
globin  levds  of  exposed  employees  bdow  5%.  The 
standard  was  devdoped  to  protect  individuals  with 
cardiovascular  or  puhnonaxy  irr^Mirment  and  to  pro¬ 
tect  healthy  workm  durir^  conditions  of  heat  stress, 
exertion,  rmd  strenuous  conditions.”  The  itnmedi- 
aldy  dangeroiBtolife  or  health  ODLH)  concentration 
promulgated  by  05HA  is  1,500  ppm.  TheUXilfar 
carbon  monoxide  is  defined  as  concentration  dat 
an  unprotected  worker  could  escape  from  widiin  30 
minutes  without  experiencit^  irreversible  healdi  ef¬ 
fects.”  It  has  been  estimated  dut  for  1^  activity 
(minute  ventilation  of  9-10  L/tnirO,  a  carbon  monox¬ 


ide  exposure  concentration  of  1%  (lO/Xn  ppm)  could 
result  in  death  in  less  than  10  miruite.” 

American  Conference  of  Govemmental  Industrial 
ilygienMts 

The  term  Threshold  limit  Value  (TLV)  is  puUbhed 
as  an  exposure  recoitunendation  fori^iecffic  hazards 
bydwArrterkanGmfeienoeofGnrerntiienta]  Indus¬ 
trial  Hygienisi$(ACX3H).  TheTLVisdefinedasanS- 
hour  TWA  concentration  of  a  qxcific  chemical  to 
which  neatly  aQ  workers  may  be  exposed  for  40  hours 
per  wedc,  day  after  day,  widiout  adverse  effect”  The 
present  recommended  TLV  for  carbon  monoxide  is  50 
ppm,  widi  die  indication  that  the  ACX9H  intends  to 
rriuoe  the  recommended  TLV  to  25  ppm  in  1993. 

While  the  current  TLV  is  intended  to  maintain 
catboxyhemoglobm  concentrations  bdow  10%  in  ex¬ 
posed  workers,  the  intended  25  ppm  levd  is  expected 
to  maintain  carbox^iemi^lobm  levds  bdow  35%. 
The  deaeased  limit  is  intaided  to  reduce  exposure 
risks  for  susceptible  workers  sudi  as  pregnant  women 
who  must  perform  psychomotor  ta^,  or  en^iloyees 
who  have  chronic  cardiac  or  respiratory  disease. 
Although  the  ACGIH  cunrendy  recommends  a  15- 
minute  short-term  exposure  limit  (STEL)  of 400  ppm, 
the  organization  has  expressed  the  intent  to  omit 
the  STEL  from  future  carbon  monoxide  exposure 
recommendations.” 

Committee  on  Toxicology 

The  Committee  on  Toxicoiogy  of  the  National  Re¬ 
search  Council  has  devdoped  and  recommended 
emergency  exposure  guidance  levds  (EEGLs)  for  car¬ 
bon  monoxide  (a  ceiling  liinit  for  unpredkted  expo¬ 
sure  forasin^  isolated,  exposure  time— usualty  less 
dian  fO  min,  but  never  lon^  don  24  h)  (Table  11-2). 
The  EEGL  has  replaced  an  oMer  term.  d>e  emergency 
exposure  liinit  O^L).* 

In  response  to  specific  qxmsor  requests,  dw  Com¬ 
mittee  onTaxkology  win  devdopand  pioviderecom- 
mendations  for  continuous  exposure  guidance  levds 
(CX(^).  An  older  term,  the  continuous  exposure 
levd  (CEL)  was  devdoped  in  response  to  •  US.  Navy 
request  for  guidance  taikxed  to  submarine  environ¬ 
ments.  The  CEGL  is  defined  as  a  lecommended  eqio- 
sure  limit  wHh  die  potential  for  continuous  exposure 
for  a  duration  up  to  90  days.  It  is  intended  as  a  ceiling 
limit,  aodbdes^jnedtoavoidbodi  die  degradation  of 
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TABLE  11-2 

aiRRENT  (1965)  AND  PREVIOUS  (1965)  EXPOSURE  LEVELS  FOR  CARBON  MONOXIDE 


Es^wsuie 

19ISEECL 

196SEEL 

IMS  CEGL 

196SCEL 

10  min 

1500  ppm 

1500  ppm 

— 

— 

30  min 

750  ppm 

800  ppm 

— 

— 

60  min 

400  ppm 

400  ppm 

— 

— 

24  h 

50  ppm 

200  ppm 

— 

— 

90d 

— 

— 

20  ppm 

25  ppm 

EEGU  emergency  expcstm  guidance  level 
EEL  emergency  eKpoeufehmit 
CGGL  continuous  expoture  guidance  level 
CEL  continuous  exposure  lei^ 

Source:  Omumttee  on  Toxksfa^.  Esirririicy  W  CbnlmiMM  Exynwre  Qddme  l/tcfo /in' SdiKted  ^irfonir  CMilsaniisftis.  Ved  4.  Board  on 
Toxicology  and  EnvirorunenttlHealti>Haz»ds.  Commission  on  life  Sciences,  National  Research  CounciL  Washington,  DC  National 
Academy  Press;  19S5. 


militaiy-mission  performance  and  immediate  or  de¬ 
layed  Averse  health  effects  among  exposed  military 
members.  The  current  CEGL  for  carbon  monoxide  is 
20  ppm,  a  decrease  from  die  19^  CEL  of  25  pptiL* 

In  the  past,  both  EELs  and  CELs  have  been  used  as 
design  criteria  for  mOitary  equipment  with  endosed 
environments  sudi  as  submarines  and  spacecraft  The 
conditions  and  terms  ofapplicabili^  of  tfielevds  were 
rdated  to  narroivly  defiiied  occupational  exposure 
groups  and  were  not  intended  for  general  population 
exposure.  They  indude  no  consideration  ol  hyper- 
susceptibie  individuals.*  In  1965,  the  Committee  on 
Toxicology  provided  the  revised  exposure  levds  Oe, 
EEGLsandCEGLs). 

The  Gmunittee  on  Toxicology  predicted  that  the 
recommended  exposure  levds  should  never  result  in 
carboxyhemoglobin  levds  above  10%  as  a  result  of 
exposure.  Thecommitteealsopredktedthatanindi- 
vidual  exposed  to  die  24-hour  limit  of  50  ppm  should 
not  demonstrate  carbox^iemoglobin  lev^  greater 
than  75%,  or  if  exposed  to  20  ppm  for  the  90Klay  limit 
should  not  producecarboxyhemoglobin  levds  greater 
than  35%.^ 

The  Committee  on  Toxiodogy  stressed  tfiat  indi- 
viduals  with  compromised  cardiovascular  status  (eg, 
as  a  result  of  athoosderosb)  may  be  at  increased  risk 
for  angina  or  sudden  cardiac  dmth.  The  cxmmittec 
recomrnended  that  individuals  exposed  to  these  leveb 
in  mitUaiily  unique  dreumstanoes  such  as  submarine 
service  undergo  careful  ]4iysical  examinations  and 
refrain  from  smoking  wh«  exposed  to  these  levds.* 


The  ConunHtee  on  Toxicology  reviews  availaUe 
scientific  data  and  develops  recommended  exposure 
levds  for  use  ^  its  ^lonsoring  erganizatioas.  The 
council  was  established  by  the  National  Academy  of 
Sciences  to  assist  the  academy  in  preparing  its  ad  vice 
to  die  federal  government  The  council  Km  now  be¬ 
come  the  prindpal  operating  agency  of  both  die  Na> 
donal  Academy  of  Engineering  and  die  National 
Academy  of  Sdences.  Both  oiganizatiofis  provide 
services  to  the  government,  the  public;  and  die  sden- 
dfic  and  engineering  communities.  The  Council  is 
administeted  by  both  organizations  and  the  Institute 
of  Medicine.* 

MOitary  Standards 

A  militauily  unique  standard  (Military  Standard 
(MlL-Sn»-1472C  Puagraph  5.13.7.4.1,  GeneraO  has 
been  promulgated  for  Department  of  Defense  (DoD) 
use.  The  standard  states  dut  personnel  will  not  be 
exposedtocDncentratioitsoftoi^substanoes  in  excess 
of  the  DoD  Occupational  Safety  and  Health  standards 
or  specfoUzedstandardsapfitic^Uetoiiiilitarity  unique 
cqidpmenL  systems,  or  operadotis.**  Widi  qiec^ 
tefanmee  to  carbon  rnonoidde,  MIL-STD-1472C  Para¬ 
graph  5.13.7.4J2,  Cnbon  Motmide,  states 

dot  carbon  monoxide  in  persomw)  arm  shaO  be 
reduced  to  the  lowest  level  fmOiie.  Personnd  shall 
not  beeayoaedtocarbonmonoxidelnexcmof  values 
which  win  result  inctiboxyhcinogiobin  levds  in  their 
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Mood  greater  than  the  following  percentages:  5per- 
cent  Icathoxyhenwglobw]  (all  sykeons  design  objec¬ 


tives  and  aviation  system  perfbnnaiKe  limits);  10 
percent  caibowhetnoglobin  (all  other  system  perfbr- 


nunoe  limits). 


The  phannacodynamks  of  carbon  ntoitonde  m- 
toxkation  have  been  discussed  earlier  in  this  chapter. 
Because  many  factors  (in  addition  to  absolute  expo¬ 
sure  level)  influetKe  die  formation  of  carboxyhemo* 
globin,  no  one  exposure  level  can  directly  be  r^  ted  to 
the  5%  and  10%  caiboi^hemogkibtn  levds  that  are 
published  in  MIL'Sn>-1472C  Further  complicating 
this  dilenuiu  b  the  large  degree  of  variability  of  fac¬ 
tors  that  rdate  to  carbcmtiionoxide  exposure  in  rrtili- 
lary  situations.  Factors  such  as  die  duration  of  expo¬ 
sure,  the  rate  of  rise  of  carbon  monoxide  levds,  and 
intermittent  changes  in  leveb  are  highly  variable 
and,  to  some  degree,  influence  catboxyhemoglobin 
fomution. 

Considerable  time  and  effort  have  been  spent  at- 
ten^rtir^toresdvethbdilemma.  Thegoalhasbeento 
fliKi  and  validate— over  a  wide  range  of  exposure 
scerurios — a  reliable  predictive  model  for  car- 
box^iemoglobinlevds.  In  1965, Coburn,  Foister,and 
Karieevaluatedmaiorffliysiologicalvariablesduttn- 
fhience  and  determine  the  concentratiem  of  carboxy- 
hemoglobin  in  humans.^  In  their  experimental  de- 
sign,diey  developed  equations  using  groupsof  normal 
subjects,  male  volunteers  who  br»died  100%  oxy¬ 
gen  for  extended  time  periods,  and  patienb  with  con¬ 
ditions  known  to  contribute  to  derated  endogenous 
production  of  carbon  rtKmoxid&  TheCobum-Forster- 
Kane  equation  resulted  from  these  experiments. 

Althwgh  it  was  flrst  devdoped  to  calculate  the 
endogenous  production  of  carboxyhemoglobin,  the 
Cobum-Forster-Kane  equation  b  cUnic^  useful 
when  calcubting  catboxyhemo^kibin  levds  fefliow- 
ti^  exogenous  exposures.*^  The  equation  b  based 


Military  Handbook  759A,  paragraph  3.73,  'Evalu¬ 
ation  of  CO  Toxic  Hazard,"  specifies  the  use  of  the 
Cobum-Forster-Kane  equatkm: 

The  prediction  of  carboxyhemoglobin  blood  content 
b  determined  by  the  following  empirical  equation: 

carboxyhemoglobin, 

=  %  (catboxyheiiiogI(4rino(e^(A*) +218(1  -e***/ **) 

•  (1/B  +  ppm  carbon  monoxide/1316) 

where  carboxyhemoglobin i  b  the  predicted  caiboxy- 
hemoglobinintheexposcdindtviduahoiriiiayhmo- 
is  the  amount  of  carboxyhemoglobin  usually 
found  in  non-smoking  adults;  r  b  die  exposure  dura¬ 
tion  in  minutes;  and  ppm  cerfcm  fiKMOxiile  b  the  carbon 
monoxide  exposure  in  parts  per  million  of  contami- 
ruted  atmo^herc;  A  and  B  are  constanb  which  are 
obtained  from  [TaMe  11-31  and  depend  on  the  esd- 
mated  physical  activity  levd  lof]  the  individual  dur¬ 
ing  the  exposure.  T^  equation  accounts  for  die 
minute  respiratory  volume  of  contaminated  atmo- 
^here  actually  re^iired  by  an  exposed  individual 
whose  level  phyrical  aedvi^  b  either  esdmated  or 
qxdfled.  ForcDinbatvehideciewpeison$,the$ped- 
fted  work  effort  level  scale  required  to  be  substituted 
in  the  equation  b  4  for  periods  of  weapons  fire  and  3 
for  intennediate  periods.  The  equation  also  accounts 
for  the  dimination  of  carbon  monoxide  by  the  body.’* 

The  equation  b  equally  appIicaUe  to  short-term, 
high4evd  exposures  and  lowdevd,  long-tenn  expo¬ 
sures.’*  The  equation  b  considefcd  to  bca  rdiable  tool 
rnd  has  demonstrated  good  cocrdalion  with  experi¬ 
mental  values  under  a  variety  of  conditions.’’^  With 
reflect  to  potential  exposure  of  soldiers  and  thedevel- 

TAVLEll-3 

WGiOC-CEFORTCONSTANTSFORTHECOBIlKN- 
FORSTER-KANE  CALCULATIONS 


on  parameters  sudt  as  the 

•  ambient  concentration  of  carbon  monoxide, 

•  barometric  pressure 

•  alveolar  ventilation, 

•  comparative  affinity  of  carbon  monoxide  for 
hemoglobin  (a  Ida  trve  affinity  of  21 8  b  used  in 
thb  formula), 

•  ambient  concentration  of  oxygen, 

•  carbon  monoxidediffusionacrossthealveolar 


Wofk-Effoit 

Scak 

Wwk-Efiert 

DetciiptioR 

AValM 

BVduc 

1 

Sedentary 

3^ 

939 

2 

211 

1,623 

3 

light  woric 

155 

Z211 

4 

119 

2374 

5 

Heavy  work 

97 

3336 

menibrane, 

•  rate  of  endogenous  carbon  monoxide  produc¬ 
tion,  and 

•  durarion  of  exposure.*” 


Sourer  Milttwy  HmdboofcTWA-  Hwntc*  factors  Cap'otaing  De- 
njn/br  MMowf  (Mrtrir).  Redstone  AtmmI,  HuntsviHr,  Ah: 

ljSAn«yMb»ileCbiwm»i>d,St»wd«wtBrtoiiDivWo»i;30hmel?81. 
Tabie3-5. 
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11*10.  ExcxQent  concktkm  on  be  seen  between  calculated  (— )  and  measured  (•)  levels  fcr  intaiauttent  enponres 
(bewtfs  alone  Xaxbl.StdijecfaweieeKpcued  to  1500  ppm  of  casbonmonaidde  for  5  ndiwites  followed  by  a  ^^nimlle  rest 
Souicetadaplni  from  TaadsisP,BukkF«  Kane  DM.  PaoentcaiboKyfaemoi^obin  fa  resting  humans  eqweediepcattdW  to 
1500  and  7500  ppm  CO. /ntriMf  n^stofc^.  198753520<<27. 


Hf.  11*11.  The  predictive  idatkiral^  between  die  levd  of 
wortc  effott  ambient  caibott  monoxide  concentfatioo,  and 
dnntion  of  cjqponne  to  addeve  a  cumulative  levd  of  5% 
caiboxyhemo^obin.  Source:  US  Department  of  Healft, 
Education,  and  Wdfafe.Oflerfr/braltowajmiidalSftHBlinf 
-^(kcapatmmdE3fosarei0CirhoaAtmai4e.W»iliii^iloa, 
DO  National  Institute  tor  Occupational  Safety  and  Health 
and  US  Government  Printing  Office;  1972. 
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(^nnent  of  military  items,  the  exposure  magnitude, 
ftequeiKy,andduiation  of  exposure  tocaihonmonox* 
ide  are  not  restricted  as  longas  the  criteria  of  MIL>STD- 
1472C,  2  May  1981,  are  met*^'* 
TheapplialnlityoftheCobum-Fbrster-ICaneequa' 
tion  to  Uw  intermittent,  episodic,  peak-and-valley  car¬ 
bon  monoxide  exposure  profile  of  the  exposed  mili- 
laiy  individiialhasbeenquestioned.  However,through 
an  intennittentseriesof  questions  and  evaluatkms,the 
equation  was  determiited  to  be  both  applicable  and 
predictive  of  actual  caiboxyhemoglobin  level  follow¬ 
ing  exposures.^  Theauthc^crfan  independent  study 


calculated  predicted  cumulative  caibomhemoglobin 
levelsfollovringintermittentexposures.”  Bgurell-10 
is  adapted  bom  that  study,  which  has  been  useful  in 


clarifying  this  relationship,  and  reflects  thecumulative 
amount  of  caiboxyhemoglobin  following  repetitive, 
intermittent  exposures  to  1300  ppm  of  caibon  monox¬ 
ide.  ThestudyalsoevaluatedthepredictivecapabiUty 
usingshotter-term,h%her<DiKentiationexposutes(7,500 
ppm)  and  demonstrated  rimilar  predictive  success. 

Bgure  11-11,  which  has  been  reproduced  from  the 
NIO^  criteria  document  for  occupational  exposure 
tocarbonmonoxide.^inoorporatestheCdburn-Farster- 
Kane  variables  todevelop  families  of  curves.  Because 
thesecurvesincoiporatethelevelof  exertion,  healthcare 
workers  can  quickly  assess  the  woric-effort  level  of  a 
iob  and  estimate  the  permissible  duration  of  exposure 
ata  given  ambient  carbon  monoxide  exposureconcen- 
tration  toachievea  5%  carboxyhentoglobin  level 


MEDICAL  SURVEnXANCE 


Employees  who  routindy  are  exposed  to  carbon 
monoxide  at  potentially  hazardous  levds  should  be 
carefully  evaluated  prkH' to  exposure.  In  addition  to 
being  given  a  careful  medical  history,  review  of  medi¬ 
cal  systems,  and  medical  examination,  the  employee 
shoi^  be  advised  of  the  insidious  hazard  pmed  by 
carbon  monoxide  exposure.  Proper  engineering  con¬ 
trols  aiKl  necessary  PPE  should  be  providedand prop¬ 
erly  maintained  for  each  employee.  Exposures  to 
hazardous  levels  should  be  prevented  whm  posrible 
and  documented  in  the  medical  record  if  significant 
exposures  occur. 

Employees  should  have  a  preplacement  examina¬ 
tion  to  detect  preexisting  conditions  that  may  increase 
the  risk  of  cartxm  rnono^e  toxicify  and  to  establish  a 
basdine  for  future  monitoring.  Mriical  histories  that 
could  contribute  to  susceptit^ty  indude  smcAang, 
coronary  artery  disease,  anemia,  dircmic  obstructive 
pulmonary  disease,  cerebrovascular  disease,  and/or 
disorders  of  the  CMS.  Employees  who  are  either 
pregnant  or  considering  pregnancy  should  bead  vised 
of  the  irioeased  fetal  susceptibility^diefeh&earrbe- 
exposed  in  utero  if  external  exposures  are  tmcon- 
trdled),  etKXiuraged  to  quit  smc^ng,  and  informed 
concerning  meth^  to  minimize  exposure  potentials. 

The  physical  examhution  provided  for  preplace¬ 
ment,  per^ic.  and  termirution  examiiuitions  should 
empha^zc  the  cardiovascular  system,  the  pulmonary 
sy^em,  and  theCNS-Acompieteblood  count  basdine 
should  be  obtaiired,  and  subsequent  analyses  obtained 
if  they  are  clinically  indicated. 

Employees  whose  occupations  irtdude  the  poten¬ 
tial  for  daily  exposures  to  carbon  monoxide  abcrve  the 
acceptable  action  levd  should  be  offered  periodic 
medical  examinations.  In  addition,  a  medical  evalua¬ 


tion  is  indicated  following  an  acutdy  hazardous  car¬ 
bon  monoxide  exposure  (a  sifoational  exposurelmr  on 
termination  (rfempIoymenL  In  situation^  exposures, 
a  venous  blood  sample  should  be  obtained  for 
carboxyhemoglobin  measurement  as  soon  as  possible 
folloiving  the  exposure.  A  determination  of  end-al¬ 
veolar  carbon  monoxide,  as  an  indirect  nteasurement 
of  carboxyhemoglobin,  may  be  used  when  blood 
carboxyhenviglobindetenninationsarenotavailable;'* 
although  this  is  less  preferable.  Worlq>lace  carbon 
nwrioxide  concentrations  should  routinely  be  docu¬ 
mented  by  the  industrial  hygierust;  levels  above  the 
action  level  should  be  referred  to  the  healthcare  pro- 
_ vider  as  a  stimulus  for  surveillance  evaluation. _ 

The  occupational  medidiie  physician  should  per- 
foTtn  and  document  evaluations  of  the  patient's  men¬ 
tal  baseline  neurological,  and  visual  or  ophthalmo- 
logical  status.  One  useful  tool  is  the  carixm  mon- 
oxide-neuropsydiologicalscreeningbattery.  Thistest, 
which  can  be  adnunistered  easily  iy  healthcare  pro¬ 
viders,  evaluates  the  followtng  functions,  which  car- 

•  short-term  memory  (for  events  that  occurred 
t-24hago), 

•  concentration  (ability  to  concentrate  to  per¬ 
form  simple  tasks). 

•  visual  spatial  ability  (ability  to  distinguish 
among  several  obje^  |:4aced  close  to  each 
other), 

•  agnosia  (lade  of  sensoiy  ability  to  recognize 
objects),  and 

•  aphasia  (a  weakness  in  or  loss  of  the  ability  to 
understand  ideasby  reading,  writing,  or 
ing).'^ 
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SUMMARY 

Exposuretocarbonmonoxidecancauseaaitedmi'  caibon  monoxide  poisoning.  Individuals  with  coro* 
calillness.  Military  exposures  to  the  chemical  occur  in  naryheartdiseaseappeartobeatexcessiiskofadverse 

homes,  vehicles, and  weapons  systems.  Theprohieof  effect,  sud\  as  myoc^tal  inhurction,  following  acute 

exposure  during  the  performance  of  military  duties  is  exposures.ChrDnicophthalmologicalandneuroIogi* 

typically  episodic,  with  high  peak  exposures  followed  cal  sequelae  have  reported  following  caihm 

^  prolonged  periods  of  limited,  minimal  exposure.  monoj^e  exposure.  Hmely  diagnoses  and  imple- 

Although  the  primary  effect  of  carbon  monoxide  mentation  of  appropriate  methods  to  improve  tissue 
poisoning  appears  to  be  the  cotrsequence  of  hypoxia  oxygenation,  such  as  hyperbaric  oxygen  treatment, 

associated  withtheproductionofcartwxyhemoglobin,  are  betreffdal  in  the  reduction  of  mortify  and  mor* 

cellularenzymesy^emsarealsoadverselyaffected  by  Iridity  following  carbon  monoxide  intoxication. 
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INTSODUCnON 


Lcsd  is  a  member  of  the  heavy  metal  series  in  the 
periodic  table.  ItschemkaIsymboI,Pb,isderivedffom 
t^e  Latin  word  for  lead,  pittmbum.  Metallic  lead  does 
not  occur  naturally.  It  is  very  dense,  widt  a  spxific 
gravity  of  11 34  and  a  molecuiar  weight  of 207.19,  and 
is  bluish  white  to  silvery  gray.  It  has  no  distinctive 
odor  and  at  typical  aml^t  temperatures  is  a  soft, 
malleable  solid.  While  lead's  melting  point  (3275*0 
and  boiling  point  (1,740°C)  are  fairly  low,  as  a  fine 
powder  it  is  combustible  when  exposed  to  heat  or 
flames.  In  general  lead  compouivis  are  msohible  in 
water,  although  many  are  nadily  sc^uble  in  acidic 
solutions,  whidi  is  the  diemical  characteristic  that 
most  allows  lead  to  cause  {diy^Iogical  harm. 

Many  naturally  occurring  ores  contain  lead,  but 
galena  (lead  sulfide,  PbS)  is  the  foru'.  mef*  cntcmo^ly 
found  and  mined.  IiKMganicl<ad,dSUSedinc>c«.upa- 
tioiuland  environmental  health  contsxtsandforregu- 
latory  purposes,  typically  indudes  lead  oxides,  1^ 
salts(exdusiveofarser,ateando:gaidc salts), and  pure 


metallic  lead.  Lead  can  also  be  alloyed  with  other 
metals.  The  most  common  alloys  are  bronze  (\vith 
copper)  and  solder  (with  tin).  Some  •nodem  solders 
are  based  on  antimony  or  silver  rather  than  lead,  but 
these  substitutes  are  costly  and  are  necessary  only  in 
specialized  applkations.  (No  lead'bascd  solders  are 
tued  with  consumable  items  sudi  as  canned  foods,  for 
example.)  Although  the  number  of  onno'aon  organic 
lead  compounds  is  much  more  limited,  and  tetraethyl 
and  tetramethyl  lead  account  for  by  far  the  greatest 
amount  of  lead  found  in  industrial  processes,  1^  is 
still  cottunonly  used  in  industry  (T^le  12-1). 

Lead's  milUaiy  utility  was  recognized  early  on,  as 
weresomeofitspoientialadversehealthefiects.  Most 
of  the  medical  a^iccts  of  exposure  to  lead  are  not 
militarily  unique,  however,  and  therefore  are  beymul 
the  scope  of  this  chapter.  More  is  known  about  lead 
dun  virtually  all  others  metals;  the  fuD  extent  of  its 
toxidt>'  is  the  subject  of  many  dedicated  medical  text¬ 
books  sudt  as  Lead  Toxkihf.* 


tOSTORY 


Ardueologkal  research  onhumanskdetal  remains 
suggests  that  the  use  of  lead  was  minimal  until  about 
the  seocKtd  and  third  millennia  8C.^  Untilthen,eiqx>- 
sure  was  limited  to  windblown  metallic  dust  that  was 
direedy  inhaled  or  ingested.  Typkalambfont-airlead 
coiKentradonsweieprobaUy  lOO-foId  lower  than  cur¬ 
rent  levds.^  However,  lead's  wide^neadavailabiU^ 
and  its  ease  of  handling  helped  to  make  it  an  ideal  riw 
tnacetial  for  eariy  ctvllizatots.  Forming  lead  into 
useful  products  was  possSde  largely  because  of  the 
metal's  low  melting  point,  making  sophisticated  ex¬ 
traction  and  manufo^ring  techniques  unnecessary. 
Egyptian  dvilizatkm  had  a  variety  of  uses  for  lead  (eg, 
th^' discovered  that  it  could  be  us^  as  a  pigment  to  add 
colvtopotteiy  and  cosmetics).  Subsequent  Creek  and 
Roman  civilizations  continued  to  use  lead  in  pipes  and 
water  aqueducts,  coins,  vessels  for  water  and  food, 
roofing,  writing  taMets,  cosmetics,  and  medicines.’ 

The  arduedlogical  and  written  evidence  suggests 
that  the  Giedcs  and  Romans  were  a  ware  that  lead  was 
toxic.  However,  the  degree  of  s(^>histica(ion  of  their 
understgktiding  and  efft^  to  prevent  intoxkatton  re¬ 
mains  laigdy  unknown,  as  several  historkal  records 
illustrate:  while  Hippocrates  was  probably  the  first  to 
report  iMd  colic  (spasmodic  and  recurrent  episodes  of 
abdooiinal  pain)  in  370  BC,  and  Nicander  described 


similar  effects  in  the  2nd  and  1st  centuries  BC,  these 
healers  gave  no  indkaHon  that  they  urxlerstood  how 
exposure  could  have  ocaured  or  how  the  disease 
could  have  been  ax-erted.  However,  reports  bom  the 
1st  century  AO  document  that  Ptiny  the  l^er,  who  was 
notahealnbutahistorian,  warned  mariners  to  protect 
themselves  when  painting  their  ships:  'Coveryour- 
sdves  with ..  .animal  bladder ..  .lest  you  i  nh  ale  this  per¬ 
nicious  dust."’ 

Pliny  the  Eldei's  warning  indicates  that  while  some 
people  of  the  day  may  have  understood  that  lead  was 
a  tt^l  many  others  probably  did  not  Beaune  lead 
intoxication  is  often  insidious  and  many  of  its  effects 
arise  only  after  long  periods  of  exposure,  only  a  few  of 
thMv  exposed  may  have  su^xected  that  they  were 
ariected.  Relatingexposuietoeffectwasundoubtedly 
difficult  Social  (actors  could  also  have  played  aide: 
the  nobility  may  have  surmised  that,  bemuse  "petni- 
dous  dust"  was  a  problem  enrountened  only  ^  the 
wendng  dass,  it  did  not  concern  them. 

Although  many  causes  probably  led  to  the  otdlapse 
of  dte  Roman  Empire,  lead  toxidty  could  have  (dayed 
akeyrde.*  Household  artidessut^Kglazed  pitchers 
and  containers  for  foods  and  beverages  ofito  con¬ 
tained  !er«d.  Furthennore,  lead  containers  were  often 
u$ed  to  store  wine.  Both  the  addk  character  of  the 
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TABLE  12'1 

COMMON  LEAD-BASED  COMPOUNDS 


CoauBon  Name 

Formula 

Use 

Uthaige 

PbO 

Red  and  ydiow  pigments,  batteries,  nibber  mamifachiring,  glass,  vamiih 

Red  oxide 

Antkxnrosivcs,  red  pigments,  ceramic  glaze 

Black  oxide 

PbCj 

Batteries 

White  lead 

PtCOj(OH)2 

White  pigments  (once  the  most  common  source  of  industrial  lead  intoxication) 

Leaddiromate 

PbCiOi 

Ydlow  pigment 

Lead  arsenate 

Pb(As04)2 

Insecticide 

Lead  nitrate 

PbtNOj)2 

Explosive 

Tetraethyllead 

PWCzHs)* 

Antiknock  component  for  gasolines 

Lead  silica. 

PtiSiOj 

OranucgUze 

ivine  and  the  practice  of  heating  it  (a  social  custom  of 
that  time)  hakened  the  leadiiiig  of  lead  horn  the 
containers.  This  practioe  probably  produced  quite 
high  levds  of  exposure  to  for  all  who  consumed 

the  wine.  Fuither^>eculatkm  suggests  that  ttwroling 
or  dite  classes  were  preferentially  exposed  to  lead/ In 
that  they  had  greater  access  to  hunuies.  For  example, 
many  high-quality  ceiamic  pitchers  were  ^azed  with 
lead,  and  plumbing,  lead-bated  ceramic  table¬ 
ware,  and  wine  were  generally  unavailable  to  the 
lower  classes.  Thus,  ironically,  the  poot  were  often 
^>ared  exposure. 

Some  support  of  this  theory  of  prefdential  expo¬ 
sure  has  come  horn  archaeological  examination  oi 
skeletal  remains.  These  studies  indicate  that  weaitity 
individuals  in  Roman  society  tended  to  have  very  high 
txme  burdens  of  lead  idathre  to  the  poor.  Thespecu- 
lation  tiiat  lead  contributed  to  the  fall  of  tire  Roman 
empire  B  based  in  part  on  an  undentanding  of  lead's 
toxic  effects  on  the  reproductive  system;  1^  could 
have  poisoned  the  notfedass,  and  also  their  prospects 
for  subsequertt  generations  of  leaders,  by  causing  a 
wide  vari^  of  reproductive  dysfunctions.  Theaver- 
age  number  of  of&prmg  per  reproductive  robterum 
or-womanwaspr^btyquUeiowaikltiiefewoff' 
^wing  bom  to  tim  WCA^  have  teitded  to  have  intd- 
lectual  deficits.  These  off^iring  were  rardy  suited  to 
carry  on  the  intdiectual  aid  cultural  responsibilities 
(and  demands)  needed  to  perpetuate  an  empire.  At¬ 
tempting  to  deal  adnutdstrativdy  widi  the  low  repro¬ 
ductive  rate,  the  Roman  Seriate,  under  Claesar 
Augu^,  enacted  laws  in  18  K  and  AO  9  that  penal¬ 


ized  aristoentiebaefcdors  and  rewarded  women  sdio 
produced  three  or  mote  offspring.^  This  illustrates 
whyadministiiitivecontToiso^fai]:  tiieremedydid 
not  address  tiie  root  problein.  Asaresu]t,becausethe 
administrators  had  no  inkling  tiiat  the  real  cause  of  the 
problem  wasexposuretolead,theditedassdwindfcd. 

Lead-rdated  disease  was  rdativdy  forgotten  from 
the  collapse  d  the  Roman  Empire  until  the  Middle 
Ages.  Medieval  Europeans  may  have  continued  to 
poison  themsdves  with  beverages  cxwitaminated  with 
]ead,but!ittiedetafled  information  exists.  Butrapidty 
expanding  industrialization  cultivated  a  growing  ap- 
prtiteforlead.  From  this  time  forward,  theuse  of  le^ 
tlourished,  and  with  it.  the  number  or  indh'lduals 
exposed.  By  the  ITOCs,  the  father  of  occupational 
m^idne,  Bernardo  Ramazzini,  had  related  occapa- 
tiontoexposure,and,ultimately,exposuretoefiect  In 
particular,  Rainazzini  noted  a  prevakiKe  of  Imd 

exposure  and  lead  poisoning  among  potters.' 

History  repeats  Hself.  Many  cases  of  n^litaiily 
rdevant  industrial  lead  intoxication  oocimed  after 
WoridWarlandWotld  WarE  During  the  large-scale 
disaimainent  of  naval  vessels  thatfollowedtho^waTS. 
personnd  were  exposed  fo  metallic  lead  in  tile  super¬ 
structures  and  also  in  leDd-besed  paiiE  During  our 
20th-ceiituiy  prohibition  of  akohd,  an  e|ridemic  of 
lead  poisof^  occurred,  brought  on  by  the  consump¬ 
tion  of  moomhine  whidcey.  The  most  ccnvmient 
condetucr  for  sudi  stilis  was  the  coil  of  an  automobile 
radiator— whkh  was  made  of  lead. 

Theuseoflead-freeg^aolineandnonhadpaintshas 
dramatkalty  rediKcd  tiw  pot^Tttial  for  ccntainiiwition 
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Rf.  12*1.  The  annual  usjtf^  Ie*dcd  point  pigments  and  kad  in  gasoline  has  dec&ned  maiiedly  during  the  20Ui  ccntttjy. 
Theadvem  of  laKMi«eg<(so&w  in  197BTesu^  in  dnnutKRductioRS  in  kad  exposure  fromgasoiim«inissicas.Sinccl910, 
gradual  wpbceinent  of  le»d-tased  paints  with  nontead  pigments  has  lessened  exposure  froin  this  scuite.  Federal  regulation 
^  lead  content  in  paint  did  not  aocurniaiH977.  Reprinted  wife  pennission  from  Adamson  RHetaLeds.  A  Digest  special 
report  The  Fourth  National  Enviroiunental  Health  Conference.  He^th  &  Environment  Digest.  1990:3(8h3.  Adapted  from 
Midbe,  Natianal  Environotental  Health  Conference  Paper,  1909.  Sourer  US  Bureau  of  Mines. 


from  those  sources  (Eigure  12-1).  But  lestd  exposure  in 
the  mOibuy-^paiticulariy  in  old  military  housing— 
has  been  sufficient  to  attract  die  attention  of  die  Cen- 


The  US.  military  has  found  many  uses  for  lead,  one 
of  the  earliest  and  most  notable  of  whkh  was  as  lead 
shot  (musket  haQs  and  cannon  shot).  Numerous  his> 
torical  shot  towers  exist  in  die  United  Stales  and  else¬ 
where  (Rgure  12-2).  Shot  was  produced  at  tfiese 
towers  by  droppix^  molten  lead  from  die  top  of  a  tan 
towerduoughasievclikf  'evioe.  As  it  dropped,  the 
molten  lead  solidified  bitosmanqjheres;  die  shot  The 
modem  uses  of  lead  in  theUS-Aimyaremorediverse: 
paints  (particularly  those  with  schei^  bus-yeOow  arid 
forest-green  pigments),  munitions  components,  elec¬ 
trical  solders,  ballast  (the  army  owns  more  boats 
than  the  navy  and  mote  aircraft  dun  the  air  force). 


ters  for  Disease  Cxmtrol  and  die  Department  of  De¬ 
fense  and  lead  is  sometimes  touted  as  the  adiestos  of 
diel990s. 


Overl  million  workers  in  100  difierentoccupatioiis 
in  the  United  States  are  diought  to  be  potendally 
exposed  to  lead  as  a  result  of  d^  occupation.'*  The 
h^iestprevalcnceofdvilianoccupatiotud  lead  intoxi¬ 
cation  in  this  country  has  been  documented  among 
lead-stndter  and  storage-battery  workers."  Certain 
lead-related  operations  are  not  seen  in  die  militaiyfor 
are  not  as  conunoi^plaoe  as  they  are  in  die  civilian 
sector):  lead  smelt^  primary  fidnication  (found- 
ries),batteiyiiumufacture,aiidinining.  However,ata 
typical  army  instaUatioti,  10%  to  15%  of  the  workers 
may  be  invidved  in  poterdially  lead-hazardous  opera¬ 
tions.  Based  on  industrial  l^pene  reviews  of  army 
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Fig.  12*2.  Shot  towers  are  one  of  the  United  Sutcs  militaiy's  earliest  sources  l«ad  conUmiiutkm.  Soldiers  working  in  shot 
towers  were  exposed  to  molten  lead  used  in  the  production  of  musket  bails  and  cannon  shot  Source;  US  Army,  Anniston 
Army  Depot,  ^niston,  Ala. 


woricsites,  the  military  occupations  at  highest  risk  for 
exposure  to  lead  are,  from  foghest  to  lowest,  (a)  abra¬ 
sive  blasters,  (b)  welders,  (c)  weapons  fims,  (d)  paint¬ 
ers,  (eldectricalsolderers,  and  (/)  ballast  handled  As 
many  as  5,000  to  10AX)  workm  in  the  army  depot 
workforce  nuy  potentially  be  exposed  to  significant 
amounts  of  le^. 

Applyif^  and  Aentoving  Paint 

Occupational  exposure  to  lead  in  paint  can  occur 
during  its  ajrplicatfon  and  removal  Spray  painting 
canimKiucearespirableaerosolaiKl  wtnkerswhofaU 


to  use  proper  respiratory  personal  protective  equip¬ 
ment  (PPE)  or  practices  be  expos^  to  lead  (Figure 
12-3).  Brush  painting  poses  a  much  lower  ri^  of 
exposure. 

The  use  of  lead-based  paint  has  decreased  signifi¬ 
cantly  in  recent  years,  but  many  erf  the  paints  used  by 
the  military  still  itKorporate  in  small  quantities. 
For  example,  lead  b  a  component  of  some  y^gments, 
but  usually  constitutes  less  than  1%  of  the  t^l  Lead 
b  also  usi^  in  chemical  agent  resistant  coating  (CARO 
paints.  Leaded  non-CARCpainb  continue  to  be  used 
because  their  resbtaiKe  to  corrosion  and  rust  b  far 
better  than  that  of  nonlead  paints.  Thbb  of  particular 
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Fig.  12-3.  Worker  pt-rforms  >prjy  pviintiri};  on  drjg-ltnt'  a>mpi>nent  parts  against  a  waterfall  paint  booth  During  such 
operations,  workers  are  at  risk  of  inhaling  aeros«*|iA'd  lead  unless  protc'ctiw  respirators  are  wvm  properly.  Source:  US 
Army,  Annisicm  Army  IX-pot,  Anniston,  ALi 


imp«»rta  ncc  to  tK' mill  lary.cumiMon  a*sist.ma’ under 
widely  variable  envmmmental  amditions  is  a  prime 
amsideration  in  materiel  specification  and  furiction. 
Pnobably  the  best  example  of  this  is  the  US.  Navy's 
continued  use  of  lead-^sed  paints  on  its  seagoing 
ves-sels.  Thea'foa*,  resistance  to  corrosion,  cost,  and 
<»ther  factors  such  as  foTmubti-.n  application,  and 
storage  in  fluence  some  pmeur-  Jeci.sions  toward 
the  use  of  lead-based  paints.  ••  .wse  in.stana's,  it  is 
in  the  best  interests  of  the  military,  orany  other  induv 
trial  employer,  to  amtrol  for  exposua*  rather  than 
substitute  pniducts,  and  leaded  p.iints  pmhably  will 
continue  to  be  used  despite  their  potential  adverse 
effects  on  health  or  their  environmental  impact 
Even  if  no  new  leaded  paint  wea*  to  be  applied. 


many  piecesof  older  military  hardwaa*still  haveavats 
of  leaded  paint  on  them.  This  equipment  is,  and  will 
continue  toK’,  maintained  at  depvits.  Thus,  the  poten¬ 
tial  for  medically  significant  exposua'  to  lead  is  likely 
to  continue  for  as  long  as  lead-painted  equipment 
amaias  within  the  military  inventory. 

Paint  isusually  stripped  by  spraying  sand  (or  some 
other  abrasivv  material  such  as  bitsof  steel, aluminum, 
or  other  hard  substance)  foavd  f  aim  a  compa'ssed  air 
source  toward  a  painted  target.  Despite  the  potential 
that  the  blaster  will  K'  exposed  to  lead,  stripping  may 
still  be  done  because  (a)  it  is  safer  to  weld  on  clean, 
unpainted  metal,  (W  equipment  sometimes  tKcds  a 
new,complele,andeffecti\vnialofpaint,and(c)paint 
sometimi's  must  be  amived  befoa*  equipment  can  be 
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Rg.  12-4.  A  worker  uses  compressed  air  in  the  painting  preparation  process.  This  process  is  often  called  *blasling"  or 
'sandbbsting'  if  sand  is  the  abrasive  material  Exposure  to  lead  can  result  from  the  dust  trom  the  residual  paint.  Source:  US 
Army,  Anniston  Army  l>pot,  Anniston,  Ala 


repaired.  Stripping  paint  is  not  as  easy  to  contm*  as 
applying  it,  and  therefore  exposure  to  lead  is  .nore 
likely  (figure  12-4). 

Sapping  paint  is  quite  labor  intensive;  it  requites  a 
significant  amount  of  worker  movement  (b^ing, 
crouching,  stretching)  for  prolonged  periodsof  lime  in 
awkward  positions  to  ensure  that  all  paint  is  stripped 
off.  PPE  such  as  gloves,  goggles,  and  respirators  often 
does  not  work  well  with  this  kind  of  physical  activity. 

Stripping  often  generates  highly  respirable  dust. 
Individuals  who  perform  this  kind  of  woiikmust  direct 
the  flow  of  abrasive  into  the  equipment's  many  nooks 
and  crannies  to  remow  paint  that  has  sometimes  been 
on  for  decades  Tanks  or  other  vehicles  can  have 
hundreds  of  hard-to-reach  places  from  which  paint 
mustbestripped.  Sonwtimes  this  requircsthe  worker — 
while  lying  under  a  vehicle — to  spray  the  abrasive 


blast  upwards;  sometimes  it  requires  the  worker  to 
direct  the  abrasive  nvateiial  into  blind  spaces,  where  it 
can  only  be  reflected  back  at  the  blaster.  Workers  who 
operate  the  equipment  may  not  be  aware  that  the  old 
paint  they  are  stripping  off  actually  contains  lead. 

The  O^pational  &fety  and  Health  Administra¬ 
tion,  as  part  of  the  Hazard  Communkation  Standard, 
requires  that  the  Material  Safety  Data  Sheet  be  in¬ 
cluded  with  every  packageor  container  of  paint.'*  The 
availability  of  information  rebting  to  health  hazards 
can  pby  an  important  role  in  educating  workers— and 
hence  possibly  reducing  exposures. 

Many  dep^  use  robots  to  perform  repetitive  and 
redundant  painting  operations,  but  rvo  such  robots 
have  been  developed  for  stripping  paint.  It  remains  a 
bbor-inlenstve  human  task,  and  a^irescnls  a  nvajor 
potentbl  source  for  exposurc.  Workers  who  handle 
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Fig.  12*5.  Any  prin,w.  that  m\  oU  o>  the  bunnng  of  nx-UllK  lead  is  considered  to  K*  a  high-nsk  operation  Steel  or  stick 
welding  can  geiKTate  high  cona-ntrations  of  lead  fumes  and  place  the  worker  at  risk  «>f  lead  poiMining.  Source.  US  Army, 
Anniston  Army  IX-piit.  Anniston,  Ala 


waste  nutcrial  (pulling  the  usenJ,  lead*contaminated 
abrasive  into  amtainers  or  cleaning  the  blasting 
biK)ths)aa*alsoat  risk  for  lead  exposua*  Furthermoa*. 
the  spirit  blast  material  can  pose  an  cnvininmenlal 
haAird  if  not  disptised  of  approprittely. 

Welding 

Welding,  which  caMtc's  l,IXXfC-.\lKXh'C  timpera- 
lua's,caneffectively\apori/elead  bolhatand  nearthe 
point  of  welding '  ’  The  vapor  is  typically  moa'  a-spi- 
rable  th.tn  the  dust  pniduced  by  abrasive  blasting.'* 
Thus,  m.iny  svelders  who  work  with  metallic  lead  or 
lead-coated  m.itenals  may  K*  at  greater  risk  for  lead 
intoxication  th.in  iwen  abrasixe  bkrsters.  Al  depots 


and  shipyards,  lead-based  paint  is  stripped  off  mate- 
nal  toallow  for  effective  welding  or  to  pnnide  a  clean, 
smiHith  surface  for  repainting  or  refurfehing  (Rgua's 
12-5  and  12-b). 

Handling  and  Firing  Munitions 

Metallic  and  inorganic  lead  amtinue  to  be  essential 
cvmponents  of  many  m«xlem  munitions.  Ft>r  ex¬ 
ample,  pnmers  (the  compounds  that  ignite  the  expUv 
sue  sequena?  in  a  gun  or  mortar)  often  amtain  lead. 
la.Md  can  also  a  component  of  the  shell,  the  bullet, 
and  the  pnipellant  cluirge.  Lead  foil,  which  acts  as  a 
lubneant,  issomi*times  used  to  pa-X'ent  copper  depos¬ 
its  in  kirge  howitzers  As  the  weapiin  is  fiad,  lead 
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Ftp  12-^  Wdding  on  l«ad<oated  materials  places  the  worker  at  risk  of  lead  intoxication.  Here,  exposure  may  result  (rom 
the  vaporization  of  lead  in  paint  that  was  incompletely  removed  from  the  surface  before  the  weld  mg  was  begun.  Source:  US 
Army,  Anniston  Army  Depot,  Anniston,  Ala. 


azide  from  the  primer  aerosolizes  and  forms  a  cloud  of 
lead  fume  and  dust  near  the  breach  of  the  weapon. 
Next,  when  the  bullet  hits  a  hard  target,  the  bullet 
flagmen  tsand  contaminates  theareaaround  the  target 
with  lead  dust.’  Outdoors,  neither  cloud  poses  a 
significant  nsk  to  the  weapon  firer;  in  most  cases, 
natural  ventilation  will  either  blow  away  ordilutcboth 
clouds. 

Howes’er,  in  indoor  firing  rangesand  insidecertain 
artillery  and  infantry  vehicles  with  closed  hatclws, 
such  ventilation  and  dilution  often  do  not  occur,  and 
thcpotential  forexposurctolead  issignificant.''"**  Part 
of  this  problem  has  been  due  to  the  lack  of  planning  in 
thedesignofindoor  ranges;  ventilation  considerations 
arc  often  afterthoughts.'"  **  Many  ranges,  located  in 
buildings  originally  intended  for  other  uses,  have 
needed  retrofitting  of  their  ventilation  systems,  many 
of  which  had  been  improperly  designed  and  have  not 
always  worked  sufficiently  well  to  reduce  ambiimt 
lead  lcvcls.”Thc  result  is  that  not  only  thegunnersbut 
especially  the  cleaning  crew  arc  at  risk  for  exposure  to 
lead  dust.  Thus  it  is  clear  that,  while  at  first  glance 
indoor  firing  ranges  may  not  appear  to  be  sites  of 
significant  occupational  exposure,  they  can  be. 

Soldiers  involved  in  outdoor  munitions  training 
(such  as  tank  or  howitzer  crews)  and  observers  in  close 
proximity  to  the  firing  operations  may  be  significantly 


exposed  to  aerosolized  lead  (Figure  12-7).'''*^'  Al- 
thmgh  these  exposures  may  not  be  as  constant  or 
consistent  as  other  occupational  lead  exposures,  gun¬ 
ners  may  experience  very  high  airborne  levels  for  very 
brief  periods  of  time.  Gunncrsintrainingwillnotoften 
be  subjected  to  these  levels  for  more  than  30  days  per 
year,and  thereforcdonotrequirethelead  surveillance 
mandated  by  the  Occupational  Safety  and  Health 
Administration  (05HA).  Whethera  military’ standard 
should  be  promulgated  for  these  militarily  unique 
exposures  is  a  still-unresolved  issue. 

One  further  mechanism  of  exposure,  lead  poison¬ 
ing  from  retained  projectiles,  has  particular  relevance 
for  medical  officers: 

Most  retained  pro|cctile$  are  fragments  made  of  iron. 
But  given  the  large  number  of  people  who  have 
retained  projectiles  that  are  partially  or  completdy 
made  of  lead,  the  number  of  reported  cases  of  lead 
poisoning  caused  by  retained  projectiles  is  surpnv 
ingly  low.  Nevertheless,  lead  poisoning  docs  occur. 
Itsclinical  presentation  can  be  quite  pleomorphic  and 
includes  encephalopathy,  anemia,  neuropathy,  and 
abdominal  pain  Abso^ion  of  lead  seems  to  be 
aca'leralcd  if  the  projectile  is  retained  within  a  syno¬ 
vial  space.  Experimental  studies  indicate  that  lead 
concentration  in  the  blmid  peaks  within  q-b 
months 
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Fig.  12>7.  Soidtm  involved  in  outdoor  finng  operatiom  nuy  be  briefly  exposed  to  high  concentrations  of  aerosolized  lead 
from  the  lead  azide  in  the  ammunition  primer.  Source;  US  Army,  Anniston  Army  D^>ot,  Anniston,  Ala. 


Electrical  Soldering  and  Ballast  Handling 

Several  U5.  Army  depots  employ  electrical  solder* 
ers.  When  lead*bas^  solder  is  heated  sufficiently  to 
make  electrical  connections,  small  amounts  of  lead 
fume  are  produced.  However,  because  the  beat  re¬ 
quired  to  nielt  solder  is  relatively  low.  and  the  quanti¬ 
ties  of  solder  required  to  make  dectrical  connections 
are  small,  the  actual  risk  of  lead  exposure  to  solderers 
Is  relatively  low — much  lower  than  the  risk  to  welders. 
Of  course,  the  risk  from  electrical  soldering  is  greatest 
where  ventilation  is  limited,  such  as  inside  enclosed  or 
confined  spaces. 

Ballast  is  typically  bulk  metallic  lead.  Ballast  han¬ 
dlers,  w'ho  place  weight  on  ships  and  planes  to  im¬ 


Only  since  humans  began  to  use  lead  has  it  be¬ 
come  environmentally  ubiquitous.  Bui  because  lead 
is  now  found  throughout  the  environment  and  in 
many  manufactured  goods  in  industrial  societies,  ex¬ 


prove  their  stability,  can  inhale  lead  dust  that  sloughs 
off.  Lead  dust  can  also  be  ingested.  Others  who  work 
with  bare  metallic  lead  face  similar  hazards. 

Although  the  risk  of  being  exposed  to  lead  dust 
from  handling  bulk  metallic  lead  is  not  usually  as  high 
as  the  risk  associated  with  inlialing  lead  fumes  and 
vapors,  the  principles  of  occupational  health  must  still 
be  applied:  first  identify  the  risk;  then  control  the 
exposure.  The  risk  of  potential  exposure  to  lead  can  be 
defined  1^  industrial  health  surveys.  The  controls  in 
this  instance  are  apipropriatc  PPE  and  adequate  venti¬ 
lation.  Fbrworkersknowntobepotentiallyexposedto 
lead,  biological  monitoring  for  blood  lead,  as  part  of  a 
routine  medical  surveillance  program,  further  reduces 
the  probability  for  significant  lead  intoxication. 


posure  is  not  confined  to  the  occupational  setting. 
Environmental  lead  can  be  found  in  contaminate 
air,  water,  food,  soil,  and  other  nonfood  material  {Bg- 
ure  12-8). 


4.18 


ArkMtt 


Mrth^ 
.cnat  j 


MhJlon 


Paimon 


SwwWng 
FmI>  i 


AnMnocfc 

‘OMOin* 


ramon 


Hf.  124.  EnrifotunenUlraatCTtrflttuntn  lead  exposure  Kg  tndic«>ed  by  «rtw»,  with  htarkr  arrow!  oocTfyonding  to 
n>ore-»ignifkantexpo<ure»oaxce«.FwhggMm«,aro^cy  route  <rf  lead  expoearekingettion  of  contemiiuled  water  «>d  food. 
Oibcr  potential  rattle*  iadiideeqpoMtretokad-ooalandMted«ir,toil,  and  nonfood  ntalefU*mdi«ptiiitdi^  Adapted 
with  ptnptok«fcgmSto|^RUT7>oina»|A.I<M<Toatio[y.BaltimDre:Utb«n  and  SdiwirtibBg;lS<0;y.OWilll«Btfc 
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Air 

Urban  dwdlers,  or  those  living  or  woridng  iwar 
heavy  traffic,  foce  a  greater  risk  of  airborne  lead  expo¬ 
sure  tiun  rural  dwellers.^^  Autorrwtrileexhaustfrom 
leaded  gasoline  is  probably  responsible  for  this  fiird- 
ing.  Foitunatdy,l^cotKentrationinatnbientair!us 
decreased  dramatically  in  recent  years,  primarily  as  a 
result  of  the  reduction  of  lead  in  gasoline.^  Smdtirtg 
and  mining  operations  can  also  produce  substantial 
amounts  of  airborne  Imd,  but  geiwrally  only  pose 
significant  risks  to  nearby  populations.  Inadditkmto 
automobile  exhaust,  smelting,  and  mining,  ambient 
air  can  be  contaminated  by  burning  lead  in  wdding  or 
paint-5trippingoperations,aiKlby  grinding  lead-ba^ 
aDoys. 

Most  inhabitants  at  milhaiy  installations  are  at  little 
ornoriskfoomairbortteleadpoUutionaristngfromon* 
post  industrial  activities.  Th^  activities  gcterally  do 
not  produce  large  etKMigh  quantities  of  airborne  lead 
toposea  signifi^t  haz^. 

Water 

Water  can  be  contaminated  with  lead  by  (ji)  inten¬ 
tional  or  unintentional  deposition  or  (t)  being  washed 
outofairtbientairbyram.  Water  can  unintentionally 
be  contamiirated  when  lead  leadres  fiom  snrdting, 
miiUng,  arxl  industrial  wastes  into  ground%vater  atd 
other  bodies  of  water.  Water  can  be  polluted  when 
industrialwastesareddiberatdydisdtargedintosew- 
age  systerrts  as  a  convenient  or  irtexpensive  means  of 
disposal  Lead  can  also  be  introduce  into  water  as  a 
oontaminant  by  the  very  system  that  trartsports  it  the 
plumbing.  The  likelihood  ofexposure  is  mudt  greater 
in  old  pliunUngsystems,  where  lead-based  solder  %vas 
used.  Although  it  is  oiUy  slightly  sohiUe  in  water 
uiKler  controlled  conditkms,  factore  in  everyday  life 
that  tend  to  iiKrease  lead's  solubility  (and  therefore 
increase  its  concentration}  indude  dectridty,  heat, 
time, and  acid  pH.  ForexampIe,]eadcofKentrationsin 
drinkingwatercanbemcreasedl^usingtheplumb- 
ing  system  as  an  electrical  ground;  high  ambient  air  or 
water  tempentures;  siand^  ovemi^  (or  longer,  be¬ 
coming  stagnant)  in  pipes;  arid  acidic  pH  of  die  water.^ 

CXd  phi^ing  systm  were  sometimes  used  as  the 
dectrkal  ground  in  itrdoor  wiring.  Thedectrkalcur- 
rent  pushing  through  win  ionize  lead  from  the  pipes, 
whkh  then  dissolves  in  and  contaminates  foe  water. 
As  a  general  rule,  plumbing  foat  contains  lead  should 
be  refriaced  if  increased  lead  is  found  in  drirddng 
water.  If  it  is  not  feasible  to  replace  foe  {fonnbing,  then 
bottled  water  should  be  imported  fx  human  con¬ 
sumption. 


^mply  nmning  water  through  the  plumbing  sys¬ 
tem  to  dilute  the  lead  corKsntration  can  be  an  effective 
short-term  sdution.  If  high  concentration  of  lead  in 
drinking  water  is  a  community-wide  probleinu  aitd  if 
the  water  supj^  teitds  to  be  acidic,  fo»  neutralizing 
the  pH  of  the  water  supply  is  useful  Desfnte  the 
efiiertveness  of  these  temporary  measures,  the  ulti¬ 
mate,  long-term  goal  is  to  replace  old,  lead-contami- 
luted  plumbing  with  a  new,  safe  system. 

Ingested  Food  aitd  Nonfood  Material 

Lead  can  omtammate  food.  The  glaze  on  imported 
ceramic  pottery  sometiniescorttainslead;ifthepottety 
is  used  tocxx^  or  serve  food  or  drink,  the  glaze  win  be 
a  source  of  ingested  lead.’’  Food  washied  in  lead- 
tainted  water,  or  padcaged  in  containers  such  as  tin 
cans  from  which  1^  has  leadred,  can  also  be  contami¬ 
nated.  Before  this  problem  was  identified,  foe  lead 
cimtent  of  canned  food  could  be  as  much  as  10-fdd 
greater  than  that  of  rimilarfiesh  food.*  In  the  United 
States  this  problem  has  beenavoided:  food  isrtoloi^er 
packaged  in  tin  cans,  but  only  in  sted  or  aluminum 
carts,  whidi  are  lead-  aitd  solder-fiee. 

A  common  Dtechanism  of  environmental  exposure, 
especially  in  children,  is  ingestion  of  containinated 
soil  Adtilts  who  have  fiequmthaitd-^noufo  contact 
(eg,  those  who  smokeor  eat  w,ti.out  first  washing  focir 
hands)  can  also  ingest  lead  in  contamiiuted  soil  The 
soil  can  be  contaminated  naturally  (as  rain  washes  foe 
air),  deliberatdy  (as  waste  b  dumped  or  discharged), 
or  accidentally  (forough  spQb  as  lead-conlaminated 
material  b  transported).  Once  in  the  soil  lead  tends 
not  to  be  easily  mobilized;  it  remains  near  the  surlEace, 
artd  usually  near  foe  source  contamination,  lb 
ffoysicochemkal  properties  cause  it  to  bind  readily  to 
antons  (caibcmates,  sulfates,  phoeqfoates)  and  to  com¬ 
plex  with  day  aitd  other  organic  materiak  in  the  soil 
If  oHitaminated  soQ  b  disrupted,  dust-borne  lead  can 
be  aerosolized  aitd  inhaled.  Whefoertheoontamlna- 
tion  was  natural  intentional  or  accidental  once  con¬ 
tamination  has  occurred,  demental  lead  and  all  ib 
oompoundsremain  toxic  Nonontoxiccheinicatmodi- 
ficatkms  are  available.  Theonly  waytoeUminatefoe 
hazard  b  to  physically  remove  foe  contaminated  soil 
and  di^xMe  of  it  when  human  exposure  b  imposrible 
orat  le^  unlikdy. 

Childien,  in  particular,  are  frequency  exposed  to 
lead  via  ingestion  of  paint  chips: 

lAI  single  chip  of  paint  of  approximatriy  1  square 
centimeter  surbee  area  contains  13  to  3.0  mg  lead 
(provided  foe  chip  initiaUy  contained  one  coat  of 
paint  whkh  was  10%  lead  bywd^t).  Sinceingestion 
of  150  pg  of  lead  in  paint  b  alr^y  in  excess  of  an 
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individuarsnuxinulpennissibledailyinlalceof  metal 
|and|..  childminthCTthanaduItsei^bitatendnicy 
to  consume  paper,  paint  chips,  solder  from  cans  and 
dirt. .  it  is  not  too  surprising  that  lead  tends  to  accu¬ 
mulate  and  induce  toxicity."'*" 

Newly  applied  paint  should  be  nonlead  based,  par¬ 
ticularly  in  homes  and  child-care  centers  where  chil¬ 
dren  may  come  in  contact  with  the  painted  surfeces. 
Specific  areas  of  concern  are  surfaces  within  the 
children's  easy  reach,  such  as  walls,  windows,  doors, 
and  trim.  These  surfaces  are  subject  to  disrepair  aiKl 
may  be  significant  loci  of  paint  tapping,  flaking,  or 
dust-forming.  Numerous  reports  of  lead  intoxication 


in  children  who  have  eaten  paint  chips  stripped  off 
older  houses  have  been  dted.®'^’  tf  lead  abatement 
is  iK>t  done  with  great  care,  exposure  can  be  increased 
when  inaccesable  paint  is  ground  into  accessible  dust 
Even  in  houses  where  l^ad  abatement  has  been  care¬ 
fully  performed,  the  dust  generated  may  still  contain 
significant  quantities  of  lead. 

Pica,  the  physical  craving  for  imnfood  materials 
such  as  dirt  and  paint  chips,  is  frequently  found  in 
children  who  have  been  exposed  to  lead.  Ironically, 
the  pica  itself  may  be  the  tmderlying  cause  of  lead 
intoxication.  This  is  a  chicken-atid-egg  cyde:  pica 
induces  the  craving  and  the  craving  drives  the  pica. 


PHARMACODYNAMICS 


Paracelsus  is  reputed  to  have  written  that  the  dose 
makes  the  poisoa  This  is  most  certainly  true  of  lead. 
The  quantity  determines  the  ultimate  toxidty.  Envi- 
rorunental  lead  does  trot  pose  a  human  hazard  per  se. 
Only  when  a  large  etKMi^  concentration  of  lead  in  the 
blood  is  absorb^  by  the  body  and  distributed  to  the 
appropriate  organs  can  lead  be  considered  toxic.  A 
ddinite  sequence  of  events  occurs  in  lead  intoxication 
(Figure  12-9).  Lead  toxidty  presents  as  a  broad  spec¬ 
trum  of  signs  and  symptoms,  but  not  as  a  dcar-cut 
syndrome.  A  list  that  purports  to  be  comprehensive 
^1  probably  mislead  the  student  Acute  e^cts  of 
inorganic  lead  poisoningmayindudecolicky  abdomi¬ 
nal  pain,  constipation,  encephalopathy,  and  renal  fail¬ 
ure.  In  duonic  lead  intoxication,  clinical  effects  are 
very  late  evente.  Chronic  effects  may  indude  fatigue, 
arthralgias,  myalgias,  peripheral  neuropathy,  anemia, 
renal  foilure,  neurobehavioral  disturbances,  and  en¬ 
cephalopathy.  This  chapter  intends  to  describe  lead 
intoxication  not  as  a  dinical  entity  but  as  the  result  of 
ineffective  preventive  and  control  measures. 

To  understand  fully  the  significance  of  occupa¬ 
tional  and  environmental  exposures,  we  must  also 
understand  the  routes  of  entry  for  the  dose.  Inge^on 
and  inhalation  are  the  common  routes,  especially  in 
the  occupational  setting.  Derma!  exposures  pose  a 
substantia!  risk  only  when  organic  lead  compounds 
are  handled,  as  inorganic  lead  compounds  tend  not  to 
penetrate  the  skin  well  Therefore,  this  discussion  is 
limited  to  ingestion  and  inhalation. 

A  general,  although  far  from  absolute,  rule  is  that 
occupational  exposures  tend  to  be  inhalational  and 
enviroiunental  exposures  tend  to  be  ingestional,  but 
there  is  considerable  overlap.  For  example,  a  worker 
might  contaminate  his  or  Iict  hands  or  clothing;  then, 
by  not  washing  the  hands  before  smoking  or  eating, 
ingest  the  lead.  By  the  same  token,  the  general  popu¬ 


lation  iidiales  lead-contamiiuted  automobile  exhaust 
The  distiiKtions  between  occupational-inhalational 
and  environmental-ingestioiral  exposures  to  lead  are 
arlntraiy  and  physiologically  indistinguishable.  Lead 
dosing  is  additive  regardl^  of  exposure  route  or 
setting.  Occupational  medieme  physicians  must  con¬ 
sider  both  routes  of  entry  and  both  occupational  and 
envirorunental  sources.  IttdividualswhoKlikdihood 
of  envirorunental  exposure  is  significant  may  require 
closer  medical  monitoring  than  would  seem  to  be 
required  if  their  only  exposures  were  occupationaL 

Inhalation 

Only  a  small  portion  of  inhaled  lead  penetrates  into 
the  alveoli  and  becomes  biologically  available.  The 
remaiirder  is  filtered  out  into  the  tracfieobronchial  tree 
and  expectorated.  The  respirable  ffaction  appears  to 
depeivi  on  several  variables,  oite  being  the  aerody¬ 
namic  diameter  of  the  lead  particulate.  (Please  see 
CThapter  4,  Industrial  Hygiene,  for  a  discussion  of 
particulates  of  vapors,  mists,  fumes,  arrd  aerosols.) 
The  actual  operational  process  that  generates  airborne 
lead  playsalargeroleindeterminingits  nature.  There¬ 
fore,  krrowing  the  source  of  the  airborne  lead  is  esserr- 
tial  to  making  an  accurate  assessment  of  risk.  For 
example,  weldingdone  on  surfaces  thatcontain  leaded 
paint  will  produce  highly  respirable  vapors  or  furtres. 
Grinding  produces  an  immertse  amount  of  dust  but 
only  a  small  portion  of  the  total  isactirally  respirable. 
Spray  painting  produces  lead  mists  that  can  be  vari¬ 
able  in  their  lesp^bility.  Large  partides  normally 
remain  in  the  nasopharynx,  while  smaller  partides  or 
fumes  ate  most  likely  to  enter  the  alveoli  (partides 
<05pmarethemo$ttespiraHe).  Manystudiessug- 
gest  tiut  the  aerodyrtatidc  diameter  of  the  lead  pirfictt- 
Itffeinanaerosolpiaysa  significant  roieindetetmining 
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Preexposure 


Preeffect 


Asympforttatic, 
Onicaity  Detecuble 


Symptomiitic 


F^12-».Lesd  poisoning  it>volves»dtfinites«pi«nceof  events.  In  the  prce)q>osuTepcTk)d,absorfa»Meleadi3  generated  from 
environmental  or  indu^rial  sources.  After  ingestion  or  inhabtkm,  lead  is  systematically  absorbed  during  the  pteeff^ 
period.  An  asymptomatic  period  ensues,  during  which  biological  and  cellular  effects  are  clinically  detectable.  Lead  toxidty 
culmirates  with  a  symptomatic  phase  in  whidt  systemic  effects  such  as  aitemia  or  neuTobehavioral  changes  predominate. 
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the  resultant  internal  dose,  but  no  study  has  yet  pro¬ 
vided  a  well-vahdated  predictive  model  between  aero¬ 
sol  particulate  sizes  and  resultant  blood  lead  levels.”  ** 
Some  studies  using  homogeneous  aerosols  of  03  itg 
aerodynamic  size  indicate  that  approximately  30%  to 
50%  of  the  lead  in  an  aerosol  is  ultimately  absorbed 
(bioa  vailable).**’’*  The  U.S.  Army's  own  experimental 
data  relating  to  the  respirable  fraction  of  howitzer- 
breech  aerosol  supports  30%  as  an  estimate.’* 

Modeling  for  p^icted  lung  deposition  has  not 
correlated  well  with  experimental  studies  on  humans. 
Establishing  a  predictive  model  for  lung  depositiem 
and,  ultimately,  for  resultant  blood  lead  levels  is  diffi¬ 
cult  because  so  many  factors  can  affect  the  outcome. 
For  example,  mucociliary  clearance,  depth  of  respira¬ 
tion,  and  variability  in  the  particulatesizeofanaerosol 
can  greatly  influence  respiratory  deposition.”  The 
direct  correlation  between  aiibome  lead  and  blood 
lead  may  not  exist  Attempts  to  develop  predictive 
models  havebeen  made,  with  uncertain  validity.**  For 
example,  one  model  predicts  that  fora  homogeneous, 
tespirableaerosol,approximately1.0to2.0pgofblood 
lead  per  mL  of  blood  will  result  from  a  chronic  expo¬ 
sure  to  1.0pg  of  lead  in  1  m^  of  air.**  Howwer,  wemust 
be  cautious  when  using  experimental  models  relating 
the  air  concentration  of  resfnrable  lead  particulates  to 
blood  lead  levels.  Individual  physiology  and  work 
activities,  alternative  routes  of  exposure,  and  other 
factors  can  produce  great  variation  in  blood  lead  for  a 
given  ambient-air  lead  concentration.  This,  among 
other  reasons,  is  why  lead  intoxication  is  not  a  syn¬ 
drome  with  a  clear-cut  list  of  signs  and  symptoms. 

Ingestion 

While  no  amount  of  lead  mgestion  is  necessarily 
normal  (for  lead  has  no  normal  function  in  htunan 
physiology),  the  average  daily  intake  of  lead  in  the 
United  States  has  been  estimated  at  approximately 
300|igofleadp>erday.  This  value  varies  tremendously 
among  individuals  and  groups,  however,  due  to  var¬ 
iations  in 

•  the  degree  of  plumbosolveiKy  within  the  wa¬ 
ter  distribution  system, 

•  behavioral  patterns  of  individuals  (leading  to 
greater  likelihood  of  hand-mouth  contact), 

•  thecondition  of  lead-contaminated  structures, 
and 

•  the  total  amount  of  lead  in  the  environment** 

Some  inhaled  lead  can  be  transported  from  the 
respiratory  tract  by  ciliary  action.  This  can  then  be 
swallowed,  leading  to  gastrointestinal  absorption.** 


Compared  to  respiratory  absorption,  however,  gas¬ 
trointestinal  uptake  is  relatively  poor.  While  the  per¬ 
centage  of  an  inhaled  doseof  lead  that  is  absorbed  may 
be  as  high  as  30%  to  50%  (depending  on  many  vari¬ 
ables  including  aerosol  size),  a  typic^  adult  ab¬ 
sorb  only  10%  of  an  oral  dose.****  However,  there  is  an 
important  exception  to  this  general  tendency:  children 
seem  to  absorb  a  much  higher  proportion  of  ingested 
lead,  perhaps  a.s  much  as  50%.  Thus,  ingestion  is  often 
the  most  significant  route  of  exposure  in  children.'® 
This  increased  propensity  for  absorption  is  particu¬ 
larly  ominous  b^use  children's  developing  nervous 
systems  seem  to  be  the  most  sensitive  to  lead's  effects. 
Othergroupsalsoappear  toabsorb  ingested  lead  more 
efficiently  from  ingesHonal  sources:  those  who  are 
pregnant,  fasting,  on  a  high-fat  diet,  and  who  have 
iron  or  calcium  deficiencies.'®*®  The  reasons  why  are 
not  thoroughly  understood,  however. 

A  unique  sign  of  lead  exposure  manifests  asa  bluish 
line  on  the  gingiva.  This  manifestation,  sometimes 
called  the  Burtonian  Lead  Line,  results  from  precipita¬ 
tion  of  lead  sulfide  in  the  gingiva.  Such  a  finding  only 
indicates  lead  exposure  and  poor  dental  hygiene,  and 
does  not  necessarily  correlate  with  lead  intoxication. 

Absoeptioiv  Exoetiaiv  and  MobOizalion  of  Lead  Stones 

The  quantity  of  lead  and  the  period  over  which 
absorption  has  occurred  play  significant  roles  in  toxic¬ 
ity.  For  example,  a  normal  individual  who  ingests  23 
mg  of  lead  per  day  may  take  4  years  to  reach  a  toxic 
bl^  level.  But  if  the  ingestion  is  just  slightly  larger, 
33  mg  per  day,  the  human  exaetory  mechanism  is 
overwhelmed  aiui  a  toxic  blood  lead  level  can  be 
reached  in  a  few  months.*'  In  acute  exposures,  where 
a  large  quantity  of  bioavailable  lead  enters  the  body  in 
a  short  period  of  time,  lead  tends  to  be  preferentially 
distributed  tothesofttissues.  Thus,theliverwilloften 
contain  a  largequantity  of  lead  afteran  acuteexposure. 
In  more  chronk  and  low-level  exposures,  lead  has  a 
proclivity  to  be  deposited  in  the  mineralized  rather 
than  the  soft  tissues.  Thus,skeleta]  deposition  takeson 
greater  relative  importance  when  absorption  occurs 
over  a  period  of  time.  In  a  steady  state  (ie,  the  amount 
absorb^  equak  the  amount  excreted),  approximately 
90%  of  the  total  body  burden  of  lead  is  contained 
vrithin  the  skeletal  compartment.'*  Of  the  lead  that 
remains  in  the  blood  pool,  99%  is  bound  to  the  eryth- 
rocytesand  the  remaining1%iemamsinthe  plasma.'®*^ 

The  skeletal  pool  can  further  be  subdivided:  one 
subgroup  is  relatively  labileand  passes  readily  into  the 
blood  circulation;  the  other  subgroup  appears  to  be 
morestabile(inertorslowtomobilize).  Tlius,thelead 
in  these  hvo  subgroups  is  differentiated  based  on 
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accessibility  for  transport.'”  Another  distinction  is  that 
lead  within  the  lalnie  pool  is  related  to  recent  expo¬ 
sures,  while  lead  within  the  stabile  pool  is  related  to 
prolonged  exposures 

The  stabile  pool  can  contain  comparatively  large 
amountsoflead,  which  canbemobiliz^duringphysi- 
ologicat  stress  (eg,  changes  in  calcium  balance,  acid- 
base  shifts,  or  bone  trauma).  Humans  have  a  limited 
ability  to  excrete  lead,  however,  and  the  rapid  mobili¬ 
zation  of  Ic^d  stores  can  overwhelm  the  excretory 
capacity  and  cause  lead  intoxication.  Lead  is  excreted 
primarily  through  urine  and  feces,  although  small 
amountsarealsnremoved  via  nails  and  hair.  Chronic 
absorption  o^  more  than  600  pg  per  day  of  lead  will 
often  result  in  a  positive  lead  b^ance  due  to  the 
ity  to  compeirsate  via  excretion.^'  Patients  who  have 


large  stores  may  require  months  to  years  to  mobilize 
and  excrete  sufficient  lead  before  normal  or  relatively 
safe  blood  lead  levels  are  achieved. 

The  body  burden  of  potentially  mobile  lead  can  also 
be  substantial:  200mgoritK>re.”  Even  in  the  absence 
of  acute  exposure,  lead  poisoning  is  possible  if  body 
stores  are  mobilized.  For  example,  alcchclconsunlp- 
tkxa  probably  mobilizes  lead."  Anecdotal  reports 
from  the  lead  trades  have  often  noted  that  woricers 
exp»nience  symptoms  of  lead  intoxication  on  Mon- 
days,  after  a  ivedcend  of  heavy  dfinlcing*  High  meta¬ 
bolic  states  such  as  pregnancy  and  lactation  can  also 
accelerate  lead  mobilization.  Lead  can  readily  cross 
the  placenta  and  be  bioavailable  to  the  fetus.  It  can 
also  pass  through  the  breast  milk  and  be  ingested  by 
the  nursing 


PHYSIOLOGY 


While  metals  such  as  copper  and  iron  have  physi- 
olo^cal  functions,  atul  othm  such  as  magrtesitu.!  and 
ziiv:  set  as  catalysts,  iwrumnal  physiological  furtetion 
oreffecthasbeen  found  forlead.  L^istoxicatabasic 
biochemical  level;  it  can  harm  virtually  every  human 
organ  system.  Because  lead  is  so  actii'e  dieoucally, 
should  it  interact  with  an  amino  add— in  particular, 
with  sulfhydryl  groups  (-SH),  which  are  typically  the 
active  moieties  on  eruymes — thestntetureorfun^on 
of  an  enzyme  or  other  protein  could  be  dumged. 

Through  this  type  of  action,  lead  blods  the  synthe- 
sisofheme.  Not  only  is  heme  an  essential  component 
of  Hemoglobin,  it  is  also  a  component  of  cytochrome 
03,  an  intermediate  in  cellular  rrtetabolism.  Therefore, 
inadequate  heme  production  can  alter  cdlular  respira¬ 
tion  arid  ultimately  alter  cellular  functioru 


Hematological  Effects 

Aiwmia  is  a  hallmaiTc  of  lead  intoxication.  Lead- 
iiuluced  arremia  is  typically  microcytic ar«d  hypochro¬ 
mic,  but  erythrocytes  can  also  be  normocytic  arul 
normoduomic  in  the  attemia's  early  stages.”  Anemia 
is  due  to  several  factors,  iiKluding  (a)  inhibition  (re¬ 
striction)  of  normal  heme  synthe^,  ib)  interferetKe 
with  tlie  synthesis  of  globin,  (c)  interference  with  the 
incorporation  of  iron  into  erythrocyte  precursors,  aitd 
(d)  shortened  erythrocyte  life  spatt. 

The  biosynth^  of  heme  IS  catalyzed  1^  en^mes, 
and  lead  probably  intederes  with  normal  enzymatic 
function.  Lead  probably  affects  at  least  two,  and 
possibly  four  or  more,  enzymes  in  this  pathway  (Table 
12-2and  Figurel2-10).  Theenzyines6-amind«evulmk: 


TABLE  12-2 

EFFECTS  OF  BLOOD  LEAD  LEVELS 


Umest  Uvel  at  Which  Effect  Has 

Been  CMisetved  <ug/dU 

Physiolo^cal  Effect 

Popttlatioa  Affected 

<10 

Erythrocyte  ALAD  inhibition 

Adults,  children 

20-2S 

Elevatbn  o(  FEP 

Odldien 

20-30 

Elevation  of  FEP 

Adult  female 

25-35 

Elevation  of  FEP 

Adult  male 

30-10 

ATPase  inhilnted  in  erythrocytes 

CeriCTal 

40 

ALA  excretion 

Adults,  children 

40 

Coporphyrinogen  excretion 

Adults 
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add  dehydratase  (ALAD),  which  catal)'2es  thesynthe- 
sis  of  S-aminoIevuIinic  add  (ALA)  into  porpho¬ 
bilinogen,  and  ferrochelatase,  whidi  catalyzes  in- 
corporation  of  iron  into  protoporphyrin  IX,  are  the 
enzymes  most  affected  by  lead  (the  former  being  the 
more  sensitive,  but  the  latter  being  the  rate-lhniting 
step).’’ 

ALAD  inhibition  may  be  evident  in  both  adults  and 
chiidrenatbtood  lead  levclslower  than  IQpg/dL  The 
result  of  this  inhibition  is  an  increase  in  the  tevd  of 
ALA  and  prot(^tphytir4  IX.  Although  the  level  of 
ALA.  in  both  urine  and  blood  can  be  measured,  in¬ 


creased  concentrations  may  not  be  measmable  until 
blood  lead  has  reached  40  pg/dl  Protoporphyiin  DC 
also  tends  to  accumulate  in  nythrocytes  as  a  result  of 
lead  intoxication.  One  of  the  most  commonly  used 
laboratory  diagnostic  tests  for  assessing  lead  expo¬ 
sures  is  the  measuieirient  of  free  erythrocyte  proti^ior- 
phyrin  (FEP.  callect  "free"  because  the  po^yrin  is 
not  bound  to  iron).  Elevation  of  FEP  is  detectable 
when  blood  lead  levds  readi  20  to  35  pg/ciL. 

Because  zinc  is  often  present  in  the  same  cellular 
environment  as  the  porphyrin,  it  will  complex  with 
protoporphyrin  IX  in  erythrocytes,  forming  what  is 


*A  Slap  ttiat  it  protMUy  feMbiM  by  toad 
t A  tl^i  tiol  It  (Mnaaiy  InhUM  br  M 

Hg.  12-10.  The  effects  of  lead  on  the  biochemical  pathway  for  the  ^rnthcsb  of  hemoglobm.  The  synthesis  of  hemoglobin 
begins  with  the  conwrskm  of  sucdnyl  Co- A  and  glycine  to  aminolecuiinic  acid  (ALA).  This  reaction  is  catalyzed  by  ALA 
synthetase,  an  enzy  ne  that  nuy  be  inhibited  by  ALA  dehydratase  (ALAD),  which  converts  ALA  to  por{4iobilinogen, 

is  extremely  sensibre  to  the  effects  of  lead  and  is  markedly  inhibited  in  its  prese.  Activity  of  coproporphyrinogentCPPP) 
decatboxylase,  wlikh  catalyzes  the  conversion  of  coproporphyrinogen  ID  to  prutopotphyrinogen  DC,  may  be  diminished. 
TuuUy,  1^  Inlvoits  fmochelabtse,  which  cata]yze;>  tlw  bKorporation  of  iron  into  protoporphyrin  DC.  Thb  is  the  rate- 
limiting  step  in  hemoglobin  syntiwsis. 
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known  as  zinc  pn>t(^x>rphyriii(2TP).  Some  laborato¬ 
ries  will  assay  for  zinc  p^oporphyrin  rather  than 
FEP,  but  the  tests  measure  the  same  phenotiKnon. 
Both  the  FEP  and  ZPP  assays  measure  the  effect  lead 
has  oa  heme  synthesis  rather  than  directly  measuring 
the  content  of  lead  in  the  blood.  Snce  tl«  buildup  of 
FEP  b  gradual,  the  FEP  or  ZPP  assay  is  only  useful  as 
an  mdex  of  a  long-term  (3-4  mo)  response  to  lead. 

Lead  may  also  inhibit  ccproporphrmogen  decar¬ 
boxylase,  which  converts  coproporphyrirtogen  III  to 
prolc^rphyrinogen  IX.  Thb  results  in  increased 
CDprc^xn|rftyrinoge:i  excretion,  which  b  evident  when 
levds  leadi  40  pg/dL  Activity  of  ALA  syrv- 
theiase,  an  enzyme  respcmsible  for  the  conversion  of 
sucdnyl  Co-A  and  glycine  to  ALA,  may  also  be  re¬ 
duced  in  the  presence  of  lead. 

Lead  abo  interferes  at  two  other  potnb  in  henuto- 
poiesb:  with  the  protein  synthcsb  ^  the  globin  moi¬ 
ety, artd  with  the  incorporation  of  ironintoerydirocyte 
precuisois.  Fbrmetiy,hasophilicstip]^g—adiar^- 
teristicsignoflead  exposure— %vas  thwght  tobecaused 
by  small  intmcellulv  induskms  of  iron,  rermunts  of 
1^'s  interference  with  intracellular  iron.  Now,  how¬ 
ever,  the  basophilic  stippling  b  thought  to  be  the 
remnanb  of  lead-indued  intracellular  CMganelle  de¬ 
struction  during  erythrocyte  formatkm.*  In  erythro¬ 
cyte  precursors,  led  interferes  with  the  uKorpora- 
tion  ot  iron  into  the  hemoglobin  molecule  by  causing 
ferrous  iron  to  precipitate  out  of  hemoglobin. 

The  anemia  d  lead  pobotting  results  not  otvly  from 
interferetKe  with  heme synthesb,  butabo  from  short¬ 
ened  erythrocyte  life  span.  Althoughinaeasedfra^- 
ity  of  the  cdl  membrane  arulmhibition  of  ATPase  have 
bdn  associated  with  a  reduction  in  erythrocyte  life 
span,  the  actual  biochemical  basb  for  thb  effect  le- 
iTuins  unknowa" 

Ncmologkal  Effects 

Lead's  effeeb  on  the  central  and  peripheral  irervous 
sys»ms  (QMS  aitd  PNS)  are  at  oiKe  ptofouisd  and 
subtle  (Exhibit  12-1).  Although  the  prdouitd  effeeb 
have  beerr  known  for  years,  only  recently  have  we 
begun  to  appreciate  the  subtle  effeeb  and  the  levd  at 
which  tfiey  start  to  appear.  The  fundamental  reasons 
for  the  neurotoxicity  of  lead  are  not  entirely  knowiL 
What  b  dear  u  that  lead  can  affect  the  neurofogical 
system  in  a  number  of  bask  ways,  including  reducing 
the  availability  of  glucose  in  the  cerebrum;  altering 
the  production  and  huKtion  of  neurotransmitters; 
and,  even  more  hmdamentally,  interfermg  with  cdhi- 
Ur  respir jtkm.*'®** 

The  neurologica]  sequdae  of  lead  intoxication  have 


significant  occupational  and  partkuUrly  military,  im¬ 
plications.  Redardiers  at  the  U.S.  Army  Medical 
Research  and  DevefopmentCommandatFbrtDetrid;, 
Frederick,  Maryland,  have  found  mild  but  real  prob¬ 
lems  in  vigilance,  vbuospadal  perception  (hand-eye 
coordination),ffne  motor  ccmtnM,and  memory  atblo^ 
lead  leveb  as  low  as  40  pg/dL'^  These  effeeb  can 
cause  deffnite  performance  decremenb.  Small  decre- 
menb  may  not  pose  ptoUems  in  many  occupational 
settings;  however,  during  critical  or  taxing  sifoations, 
espedallythoseasoldierfacesdurrngcomlMtorreal- 
btk  training,  small  decremenb  in  parfonnance  could 
mean  the  differeitce  between  life  and  death. 

PetiphendNemms  System 

One  of  the  most  chaiacterbtk  findings  of  severe 
lead  intoxication  (ie,  blood  lead  level  >  80  pg/dL),  b 
peripheral  neuropathy  Qead  pal^).  Thb  neuropathy 
can  be  sensory,  motor,  or  b^  Larger  myd^ted 
motor  neurons  (primarily  the  extensor  musdes)  are 
generally  affect  most  severdy  and  produce  the 
most  predominant  symptoms.**  The  teitdciKy  b  for 
the  motor  neuropathy  to  produce  symptoms  referable 
to  a  sin^  musde  group:  dren  as  t^  intoxication  pro¬ 
gresses,  additional  motor  groups  become  involved. 
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Numerous  examples  of  occupationally  related  motor 
neuropathies  due  to  lead  have  been  reported,  indudit^ 
paint^swrrstdrop, file  cutter'sparalysis.and  laborer's 
foot  drop.*  On  examination  of  a  worker  suspected  to 
ha  ve  lead  intoxication,  the  physidan  may  find  that  the 
patient  complaiirs  of  pain  and  paresthesias,  weakness, 
atrophy,  atrd  fasdculatkms.  An  interesting  feature  of 
lead  palsy  is  that  these  motor  neurondeficitsappear  to 
affect  pnrferentially  the  most  frequently  used  motor 
treunm  paths.  Thus.  right-hatKled  painters  have  been 
noted  to  devdop  wrist  drop  of  the  right  hand.  The 
rrKchanrsmofthispheiKMnerKmisnotunderstood.but 
may  be  related  to  irtcreased  blood  flow  to  those  heavily 
utilized  motor  groups  artd  the  concomitant  irtaease 
in  lead  distribution  to  those  neurons. 

Perhaps  related  to  many  of  these  PNS  effects,  lead 
can  exert  a  toxic  eff^  on  the  supportive  Sdtwarm 
cdls,  resulting  in  thdr  demyelmation,  axonal  degeir* 
eration,  arki  slowed  nerve  conduction.**  Neuronal 
slowing  typcally  occurs  only  after  prolonged  expo¬ 
sure,  and  usually  after  severe  datruge  h^  alre^y 
occurred.**  Inmild-to-moderatemh>xicatkms,theaxon 
itself  is  not  injured,  but  more  severe  intoxications 
produceaxoTK^thy.  Thepolentialthattheeffectscan 
be  reversed  is  greatest  when  the  axon  has  trot  been 
injured.  If  the  axon  is  involved,  prognosis  is,  at  best, 
fair.  TheeffectsonrrervecoridiKtionaregetKtallyriot 
apparent  until  blood  lead  levels  exceed  40  to  SOpg/dL, 
and  even  then,  slowing  b  subtle  and  not  obsoved  in 
all  patienb.  Some  slowing  has  been  noted  with  blood 
lead  concentrations  as  low  as  30  pg/dL**  Nervecon- 
ductkmhasbeensu^estedasago^  indicator  of  early 
lead  rreurotoxicity.^  However,  as  a  screerring  test 
nerve  conduetkm  ladks  both  sensitivity  arid  speciftc- 
ity.  Fiirthentiote,  many  corrditicns  oftrer  than  lead 
intoxication  can  slow  neuronal  coiiduction.  At  the 
present  nerve-conduction  studies  arc  best  suited  to 
determining  subtle  ireurologkai  effects  in  large  popu¬ 
lations  rather  than  in  individuals. 


Cemtml  Nervous  Sysitw 

The  CNS  effects  of  lead  potsotUng  (iiKhiding  en- 
ocfdialopathy)  are  well  krwwr.  While  pcrif^icral 
neuropathy  b  ptirturily  a  problem  resulting  from 
mcrganic  lead,  CNS  eft^  can  he  the  result  expo¬ 
sure  to  organic  lead  as  weD.  The  ease  with  which 
organkr  passes  tiuough  the  blood-brain  barrier 
probaUy  potentiates  the  CNS  effects  of  organic  lead, 
arid  b  paiticularly  important  in  the  t<''xicity  of  trietbyl 
lead.**  Pathologicslly,  lead  can  inducecetebkai  edema, 
fbea*  degeneration  and  rtecrosb  of  neurons,  and  cere- 
brovaxular  changes.^ 


The  pathological  and  physiolo^cal  changes  in  the 
CNS  can  result  in  a  bro^  spectnun  of  effeeb  ftom 
mild  and  subtle,  to  severe  and  obvious  (see  Exhibit  12- 
1).  GrosseiKephalopathybrareinadulbatUoodlead 
leveb  less  than120pg/dL,butsubtkeffects  may  occur 
at  blood  lead  lev^  as  low  as  25  to  30  pg/dL  While 
fulminant  cases  of  iteuTolo^cal  disease  caused  by  lead 
areeasy  torecognize,  theeffects  of  the  lower  exposures 
can  be  quite  difficult  to  detect  Gross  clinical  observa¬ 
tion  may  not  be  sensitive  eiKMigh  to  detect  the  subtle, 
gradual  changes  of  mildly  intoxication.  Serial  psy- 
(hometric  and  psychokinetic  tests  are  necessary  to 
document  the  effects  of  lead  intoxicatioo.  Thbtesting 
usually  indudes  written  and  standardized  batteries 
and  specific  tesb  for  visual  memory,  vbuomotorcoor- 
diiution,and  reaction  times.  Testingwithtfiesecom- 
ponenb  has  demonstrated  dose-rdated  effeeb  of  lead 
on  memory,  hand-eye  coordination,  depression  and 
other  a^ctive  dborders,  attention  qpan,  and  reaction 
time.****  In  an  occupational  setting,  thesubtleeffecbof 
lead  exposure  can  be  assessed  by  obtaining  a 
preemployment  baselme  of  psydroiteuial  ftmerion 
andsubsequentseriaI,paiodicte5ting.  Unfottunatdy, 
these  tesb  are  imprecise,  time  consuming,  aird  diffi¬ 
cult  to  interpret  inaldng  p^chometric  testing  imprac¬ 
tical  asa  routmeoccupatiorial-surveillaiKe  tool  How- 
i'*/er,they  can  be  useM  to  hdpdocument  and  quantify 
progressive  effeeb  of  low-kwel  exposure  in  sdected 
individuab,  arrd  are  useftil  research  toob. 

Reptodudhreand  Devdopmcntal  Effects 

Numerous  investigatkms  have  reported  that  inOT- 
ganic  lead  b  toxic  to  both  male  and  female  reproduc¬ 
tive  ^sterns  as  well  as  to  the  developing  fetus.*''** 
Recent  reporb  strongly  suggest  that  morganic  lead 
leveb  oiKe  considered  i )  be  low  and  safe  can  induce 
significant  reproductive  and  developntental  toxic- 
ity.'*****’  In  contrast  there  b  less  m^ence  that  or¬ 
ganic  lead  b  toxic  to  the  reproductive  system. 

Lead's  effeeb  on  the  feixuile  rei.'roductive  system 
have  been  recognized  for  centuries.  Qinica!  reporb 
from  the  early  pcHlion  of  thb  century  document  that 
numerous  fem^  lead  workers,  and  wives  of  male 
leddworkm,had  irtcreased  ratesof^MMVtaneousabor- 
tioib  and  reproductive  dysftjnctkm.**'*  Cunent  think¬ 
ing  b  that  toxidty  to  the  female  reproductive  system 
may  start  to  occur  perhaps  as  low  as  30  pg/dw*  and 
that  it  manifesb  ib^  thrwgh  a  broad  range  of  effeeb 
indudingmenstiua]  distutteinoo,sterility,aiid  higher 
ratesof  premature  births  and  spontaneousaboftions.*' 

I -»d  b  abo  tevic  to  the  male  reproductive  system, 
but  the  adverse  effeeb  tend  to  occur  at  higher  Mood 
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lead  levels.  Male  reprodudive  effects  may  start  to 
occur  at  blood  lead  levels  of  approximatdy  40  pg/dL, 
and  are  readily  observable  at  blood  lead  levels  of  60 
pg/dLormore.’^  Spedfically<  adverse  effects  indude 
abnormal  sperm  morphology,  low  sperm  count,  steril¬ 
ity,  deciea^  libido,  and  impotence.^' 

Devdopmental  effects  are  also  of  significant  con¬ 
cern,  especially  the  neurological  systems' extreme  sen¬ 
sitivity  to  lead.  Afetuswhoismatemallyexposed,and 
young  children  who  live  in  enviroiunents  where  lead 
is  readily  accessible  (or  whose  parents  are  occu¬ 
pationally  exposed),  are  at  high  risk  of  ad  verse  devd- 
opmental  effects.  Lead  exposure  to  pregnant  females 
equates  with  fetal  exposure:  blood  lead  leve'ts  in  the 
undnlicusappear  to  correspond  closdy  with  nutemal 
blood  lead  levds.”  An  estimated  400/)00  fetuses  per 
ycarare  potentially  exposed  to  lead  via  maternal  occu- 
patian.*” 

The  American  Academy  of  Pediatrics  has  stated 
that,  even  in  grossly  asymptomatic  children,  the 
neuropsycholo^caleffectsofleadarelaigdyirrevers- 
ible.’*  Neurological  development  is  maximally  sensi¬ 
tive  to  the  adverse  effects  of  lead  exposure  at  3  to  6 
«ved:s  gestaticmal  age,  although  the  fetus  remains 
somewhat  sensitive  throughout  pregnancy.*'  Many 
studies  have  reported  a  significant  correlation  betwr.'n 
the  umbilical  cord  or  childhood  blood  lead  levds,  and 
subsequent  decreases  in  the  exposed  population's  av¬ 
erage  intelligent  quotient  or  mental  development  in- 
dex.’’^'’*"''-'^  Significantly,  this  effect  %vas  noted  for 
maternal  exposures  as  low  as  15  to  20  pg/dL  These 
exposures  are  one-half  the  current  allowable  blood 
lead  levds  for  workers  (30  pg/dL)  thatOSHA  recont- 
mends  to  minimize  the  risk  of  adverse  reproductive 
effects.*'  In  addition  to  lead's  eff^  on  mental  devel¬ 
opment,  the  effects  of  maternal  lead  exposure  on  the 
devdoping  fetus  may  include  growth  retardation, 
maUormatkms,  and  hyperactivity.*'*''^ 

In  assessing  thesuitability  of  a  pregnant  worker  for 
a  job  in  which  there  is  potential  lead  exposure,  occupa- 
tkmal  health  physicians  must  be  aware  that 

•  because  lead  b  transferred  effectivdy  through 
the  placenta  and  reaches  irearly  identical  cotr- 
centratkms  in  the  matenul  arid  fetal  drcula- 
tkms,  any  worlqtlace  exposures  resulting  in 
blood  lead  levels  of  more  than  15  to20pg/dL 
could  potentially  harm  a  developing  fetus; 
and 

•  the  pregrrancy  itself  may  cause  increased  lead 
mobilization  from  body  stores,  increasing  the 
maternal  blood  lead  level  and  therefore  the 
lead  that  is  available  for  tiaitsport  to  the  fdus. 


Most  experts  now  agree  that  women  who  arc  al¬ 
ready  pregnant  and  male  and  female  workers  who 
plan  to  have  children  require  a  greater  level  of  protec¬ 
tion  than  that  currently  afforded  by  law.’* 

A  recent  Supreme  Court  decision  is  particularly 
relevant  InthecaseofJohrtsonControlsr^.theUiUted 
Auto  Workers,  the  issue  was  an  employee's  right 
tochoose  to  stay  in  the  job  versus  the  employer's  right 
to  keep  workers  (in  particalar,  female  workers)  out 
of  areas  brown  to  be  contaminated  with  chemicals 
kiKnvn  to  be  toxic  to  the  reproductive  system.  Al¬ 
though  the  Johirson  Controls  case  could  be  extrapo¬ 
lated  to  apply  to  any  reproductive  hazard,  the  one  at 
issue  was  l^d.’* 

Gastrointcctiiial  Effects 

The  effects  of  lead  on  the  gastrointestinal  system  are 
rtKMe  symptomatic  than  furrctional:  abdomirral  pain, 
constipation,  loss  of  appetite,  nausea  and  vomiting, 
and  a  metallic  taste  in  the  moudi.  Gastromtestmal  syiiq>- 
toms  usually  appear  at  blood  lead  levels  exceeding 
80pg/dL  At  blood  lead  levels  greater  than  100  pg/ 
dl,  classic  lead  colic  may  devd<^.  Lead  colic  is  diar- 
acterized  by  the  sudden  onset  of  severe,  paroxysmal 
abdominal  paiit  The  underlying  medunism  of  colic 
is  generally  believed  to  be  due  to  lead's  direct  toxic 
action  on  the  smooth  muscle  of  the  small  bowd. 

Catdiovasailar  Effects 


As  early  as  the  1930s,  researchers  noted  a  cotrda- 
tion  between  hypertension  and  high-level  prolonged 
lead  exposure.*  These  studies  reported  exposure  lev¬ 
els  that  were  quite  high  compared  to  those  found  in 
current  occupatioiul  settings.  Moreiecentstudiesand 
analyses  of  the  National  Health  and  Nutrition  Exami¬ 
nation  Survey  11  (NHANES II)  data  suggest  that  low 
levels  of  blood  lead  are  associated  with  small  changes 
in  blood  pressure.*'*  In  1968,  a  researcher  estimated 
that  adult  male  systolic  blood  pressure  increases  from 
approxunatdy  If)  to  10  mm  of  mercury  for  every 
doubling  of  blood  lead  level*'  The  cor^tkm,  al¬ 
though  statistically  significant,  truy  rtot  be  dinkally 
relevant,  however.  Precisely  how  lead  exerts  its 
hypertensive  effect  is  irotknoW  A  few  mechanisms 
have  been  suggested  as  possible  causes:  directaction 
of  lead  on  the  arteriolar  smooth  muscle,  alteration  of 


the  renitvangiotensin  system,  or  change  in  intracdhi- 
lar  calcium  balance.  Certainly  the  possibility  exists 
that  lead  rtuy  induce  hypertension  as  a  result  of  its 
nephrotoxic  effect,  althwgh  this  effect  would  prob¬ 
ably  not  be  apparent  until  kidney  function  b  notice- 


448 


ably  affected.  Degeneration  of  cardiac  muscle  and  Otfier  Effects 


dectrocardio^phic  dianges  have  been  noted  from 
lead  as  weE" 

Renal  Effects 

Lead  is  toxic  to  the  kidneys.  Proximal  renal  tubular 
dysfunction  has  been  reported  as  a  result  of  chronic 
exposure,  leading  to  aminoaciduria,  phosphaturia, 
gluc05uria,and  hyperi^iosphaturia  (Fanconi-likesyn- 
drome).  Hyperuricemia  h^  also  been  reported.  Ex¬ 
cess  retention  of  uric  add  as  a  consequence  of  lead 
exposure  may  produce  saturnine  gout  Prolonged 
exposure  can  cause  interstitial  fibrosis,  tubular  atro- 
l^y,  and  glomerular  destructxHi.*" 

Renal  disease  probably  does  not  occur  %vithout  very 
large,  duonicdosesofle^  Most  effects  of  short-term 
exposure  on  the  IddiKY  are  reversible.  Ihe  likdihoexi 
of  irreversibility  irKreases  with  the  length  and  degree 
ofexposure.  Early  in  the  course  of  cxxupational  lead 
exposure,  renal-fuiKtion  tests  probably  wiO  not  show 
any  abrKtrmality.  Typically,  up  to  50%  of  renal  funo 
tion  must  be  bdote  renal-fuiKticHi  tests  show 
dianges.  Thus,  renal-function  tests  tend  to  be  poor 
indicators  of  exposure  to  low  levds  of  ieacL^' 


Other  possible  effdls  of  lead  exposure  indude  in¬ 
terference  with  the  function  (rf  vitamin  D  and  the 
development  of  cancer.  Studies  have  demonstrated 
that  interference  with  vitamin  D  function  can  affed 
growth  and  development,  immunological  response, 
and  bone  structure.  Various  researchers  have  sug¬ 
gested  that  lead  may  be  a  carcinogen;  however,  tite 
researdihasyettoproducedetinitiveptCKrf.  Advisory 
and  regulatory  agencies  are  mixed  in  their  assessment 
of  lead  as  a  carcinogen.  The  International  Agency  for 
Research  on  Cancer  QARO  does  not  recognize  lead  as 
a  human  carcinogen,  but  based  on  studio  with  ani¬ 
mals,  the  Environmental  Protection  Agency  OEPA)  has 
designated  lead asaprobaUehumancarcinogenfdass 
B2).  Studies  with  anhnalshavedemonstrated  thatlead 
causes  renal  cancer  in  rodents,  yet  retrospective  hu¬ 
man  epidemido^cal  studies  have  been  inconclusive. 
Studies  involving  lead  workers  have  not  consistently 
documented  an  increased  incidence  for  any  particular 
aiuhmiic  sites  of  cancer.  Some  studies  ilid  indicate  a 
slight  excess  of  renaL  hmg,  and  stomadi  cancers,  al¬ 
though  these  studies' conclusions  may  havebeen  con¬ 
founded  by  other  exposures.*^ 


OCXUPATIONAL  SURVEILLANCE 


Several  laboratory  modalities  are  available  to  assist 
in  assessing  the  received  dose  from  an  exposure  and 
die  effects  of  an  exposure,  as  mentioned  previously. 
The  most  frequently  utilized  are  (a)  blood  lead  levd 
measurements,  whi^  measure  lead  directly;  (b)  mea¬ 
surements  of  ZPP and  FEP.  whidt  quantitativdy  mea¬ 
sure  the  effect  lead  on  die  synth^  of  hemoglobin; 
and  (c)  measurements  of  ALAD,  the  activity  of  whidi 
is  inveisdy  related  to  the  blood  lead  levd. 

Meataieineiit  of  Blood  Lead  Levd 

Of  the  many  labcntoty  modalities  used  to  assess 
lead  exposure,  the  measurement  of  blood  lead  levels  is 
often  considered  a  cornerstone  of  a  lead  surveillance 
program.  The  blood  lead  levd  measurement  demon¬ 
strates  the  amount  of  lead  present  in  the  blood  com¬ 
partment,  and  this  measurement  is  usually  a  good 
indicator  of  recent  exposure  to  lead.  However,  el¬ 
evated  Uood  lead  lev^  can  result  from  mobilized 
lead  stores  from  skeletal  tissues  as  wdl  and  therefore 
relate  to  past  exposure.  Hood  kad  measurements  do 
not  adequately  quantify  intermittent  or  past  exposure 
because  the  in  the  blood  oompartment  turns  over 


rdativdy  ra|»dly,  with  a  half-lifo  of  35  days. 

An  important  goal  of  monitoring  the  blood  lead 
levds  of  employees  is  to  ensure  that  blood  lead 
levels  remain  beiow  40  pg/ dL  of  blood  in  any  given 
individuaL  To  obtain  an  accurate  assessment,  the 
blood  lead  specimen  should  be  collected  in  a  hepa¬ 
rinized  container  at  the  end  the  wwk  shift  and  sent 
to  an  approved  laboratory  for  anatysis.  Onceaidi- 
able  and  accurate  result  is  obtained,  condusions  can 
be  drawn  about  lead  exposure  in  that  worker.  Most 
peof^  in  the  general  population  have  blood  lead 
Iev^of5to15pg/dL*  A  blood  lead  levd  devated 
over  the  basdine  can  be  a  sentind  event,  indicat¬ 
ing  that  ivorkplace  exposure  controls  are  less  than 
adequate  nr  that  ptevimisly  absorbed  lead  is  bdt^ 
mottilized. 

Measnreroents  of  Free  Erythrocyte  Protoporphyrin 
and  Zinc  Protoporphyrin 

Unlikeblood  lead  levd  measurements  that  actually 
demonstratethe  concentration  of  lead,  measurements 
ofFEPandZPPdemonstratelead'se^ctonhemoglo- 
bin  ^theas.  These  levds  are  direct  quantitative 
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measurements  of  eiythrocyteporphyriiis  in  the  bkx)d. 
Excess  porph}nrins  are  formed  whmferrochelatase^an 
enzyme  responsible  for  incorporating  iron  into  the 
porphyiinmolecuIetoformheTO.isblodced.  Because 
hemoglobin  is  produced  cmly  in  the  bone  marrow  by 
iiNtfurmg  eiythrocytes,  lead  has  no  eff^  on  the  eryth¬ 
rocytes  already  circulating  at  the  time  ctf  exposure. 
Thus,  when  FEPandZPPare  measured  in  a  peripheral 
blood  sample,  it  is  the  effect  that  lead  has  had  on 
erythrocyte  devriopment  during  the  preceding  4  to  6 
memths  (the  nc»mal  life  span  of  erythrocytes  in  the 
peripheral  circulation)  that  isbeingmeasured.'  There¬ 
fore,  measuring  FEP  or  ZPP  does  iK>t  replace  the  need 
to  nveasureUo^  lead  directly.  Rather,  these  indirect 
tests  providea  useful  ad  junct  to  direct  blood  lead  levd 
measurements.  The  FEP  and  ZPF  measurements  arc 
iKitspedfic  for  lead  intoxication.  Any  condition  that 
results  in  the  accumulation  of  protoporphyrin  DC  (eg, 
anemia,  iron  deficiency,  and  excess  produetkm  or  con¬ 
centration,  or  both,  of  other  prophyriits  sud)  as  biliru- 
bin,  urobilinogen,  and  ribt^vin)  will  result  in  the 
devatkm  of  ZPP  and  FEP. 

Assays  for  ZPP  and  FEP  are  often  considered  to  be 
interchangeable,  but  they  are  iroL  Subtleaiulsignih- 
cant  differences  exist  between  them:  FEP  measures 
free  (uncomplexed)  porphyrins:  ZPP  measures  por¬ 
phyrin  that  has  complexed  with  the  zinc  normally 
present  in  the  blood.  ZPP  is  measured  using  a 
henutofluorometer,  and  the  erythrocyte  porph)rrin 
levd  is  estimated  from  a  calibration  standard,  whidi  is 
often  based  on  an  average  hematocrit  for  the  pi^xila- 
tion — children  or  adults — being  tested.  FEP,  however, 
b  measured  uang  a  much  mote  accurate  extraction 
method,  and  is  a  direct  quantification  of  porphyrin. 
There  is  more  variation  between  individuals  in  the 
measurement  of  ZPP  compared  with  FEP,  unless  the 
hematofluortHnetcrtscali^ted  individually  for  each 
person's  hematocrit  The  ZPP  estimate  is  subject  to 
greater  error  in  ir,easurement  but  it  is  an  ea^,  foster 
laboratory  assay,  and  because  an  estimate  b  usually 
adequate,  it  is  often  preferred.** 

These  protoporphyrin  tests  are  often  used  in  con¬ 
junction  with  the  blend  lead  levd  measurement  to 
assessboththeseverity  and  the  nature  of  the  exposure. 
High  levds  of  FEP  or  ZPP  corrdate  nvdl  with  lead 
exposure.  Normal  levdsof27shouldbe25)tg/dLor 
lower.**  Lower  levek  of  Mood  lead  do  not  corrdate 
well  with  levels  of  FEP  or  ZPP.  For  example,  FEP  and 
ZPP  win  rtot  be  increased  at  Hood  lead  leveb  lower 
than20lo25}ig/dL  Thb  insensitivity  has  significant 
impiicationsforscreening  programs:  tests  for  FEPand 
ZPP  win  not  be  useful  in  identifying  low-level  expo¬ 
sures  to  lead. 


Measarementt  of  S-Aminolevulinic  Add 
Ddiydrataae  Activity  and  S-Aminolevulinic 
Add  in  Urine 

The  most  sensitive  test  currently  available  to  detect 
the  early  effects  of  lead  intoxication  is  the  screening  of 
ALADactivity.  This  enzyme's  activity  is  inhibited  as 
the  blood  lead  level  rises.  As  with  ^P,  measuring 
ALADshows an  effect  thatblood  lead  has  caused  over 
the  past  few  months.  Whether  ALADactivity  can  be 
used  in  occupational  surs'eillaiKe  is  unclear.  Measur¬ 
ing  FEP  is  important  to  help  document  a  true  health 
e^ct  (impair^  hematopoiesis),  whereas  ALAD  ac¬ 
tivity  documents  onfy  a  biodiemical  effect,  the  '’nical 
significanceofwhidrisstillunderstudy.  Fbrexam|:de, 
in  some  cases,  no  defidt  of  hematopoiesis  is  no^ 
at  moderate  blood  lead  c(nKentrations(<  40  pg/dL), 
yet  ALAD  activity  is  almost  completdy  inhibited.** 
Furthermore,  the  test  for  ALAD  activity  is  not  yet 
widdy  available,  which  limits  its  utility  in  occupa¬ 
tional  surveillance.*** 

Lead  and  ALA  concenbation  in  the  urine  (ALA-U) 
haveabo  been  suggested  zs  possible  modes  of  surveil- 
lance.  Urine-basedassaysarenoninvasive,lessexpen- 
sive,  and  more  convenient  than  Mood-based  assays. 
Although  some  studies  have  suggested  that  exposure 
to  stable  air  concentrattons  of  lead  results  in  stable 
urinary  excretkm,  most  cccupational  exposures  are 
variaMe  aixl  unstable.'**  Furthermore,  there  can  be 
considerable  individual  variation  in  renal  function, 
again  resulting  in  uninterpretaUe  laboratory  values. 
Thus,  the  use  M  monitoring  the  urinary  concentration 
of  either  ALA  or  lead  as  a  medical  sutveUIance  tool  is 
usually  of  questkh'.iibte  value.  The  best  practical  use 
for  th^  urine-based  icsts  is  in  monitoring  progress 
during  chdation  therapy. 

ALA-U  tertds  to  increase  exponentially  once  the 
blood  lead  level  exceeds  approxiinately  40  pg/dL; 
therefore,  H  is  sometimes  us^  as  an  indicator  of  lead's 
effect  cm  the  hematopoietic  system.  At  Mood  lead 
levels  lower  than  30  pg/dL  only  small  devations  in 
the  ALA-U  are  noted.  Rdative  to  FEP,  however,  ALA- 
U  determinations  have  these  limitations: 

•  they  tend  not  to  be  as  useful  for  detecting  sub- 
05HA  regulated  bkxxl  lead  leveb,**  and 

•  ALA-U  teiub  to  drop  off  quickly  once  expo¬ 
sure  ceases.** 

Lead  content  in  hairhasabobcen  proposed  asauaeftil 
indkalorof  exposure.  Htnmner.todnti^cUfficuItiesin 
analyse  and  standardization  prevent  the  consistency 
necessary  for  a  good  screening  or  diagnostic  test** 
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TREATMENT 


When  preventive  measures  fail  and  blood  lead  lev¬ 
els  are  exceedingly  high,  clinical  therapy  including  (a) 
treatment  of  an  acute  poisoning,  (b)  supportive  care, 
and  (c)  dielation  therapy  may  necessary. 

The  treatment  of  an  acute  poisoning  and  the  subse¬ 
quent  supportive  care  are  necessary  for  short-term 
mgestion  of  03  g  of  lead.  In  adults,  death  can  occur 
withinlor2daysafteringesdonofl0to30g.^  Blood 
lead  levels  higher  than  110  pg/dL  have  bem  fatal  in 
children,  but  adults  with  levels  twice  this  high  have 
survived.  Treatment  for  acute  poisoning  in  known 
ingestional  exposures  includes  gastric  lavage  to  re- 
ntove  the  lead,  and  hydration  to  mbumize  the  toxic 
effects  on  thekidttey.  Subsequentsupportivecaremay 
be  indicated  to  treat  symptomatok^  (such  as  alh 
dominal  pain),  monitor  dectrolytes,  atul  deal  with 
comjdications  (such  as  Uver  or  kidney  failure). 

Chelation  dierapy  (which  chemically  removes  me¬ 
tallic  ions  from  participation  in  biok^k^I  reactions 
by  causing  die  metal  to  bind  to  a  complex  ring;  in 
heme,  the  poiphyrin  ring  iKmnaQy  chutes  the  fer¬ 
rous  ion)  can  be  useful  for  severdy  poisoned  patients, 
whether  die  poisoning  is  acute  or  chronic  Qidation 
therapy  is  when  simple  removal  horn  further 
exposure  will  not  reduce  blood  lead  levels  to  an 
acceptable  degree  in  an  acceptable  pericxl  of  time, 
when  bodystoresof  lead  arelarge  and  would  probably 
cause  intoncatkm  when  mobiiizecL  However,  the 
deciskmtoadministerchdation  therapy  is  not  without 
risk.  For  example,  the  most  hequendy  used  chdadng 
agent,  cakhun  disodium  edetate(Ca-H3TA),cancause 
zinc  de|4etion  and  acute  renal  tubular  necroris  if 
used  imptc^ieriy. 

Some  researchers  suggest  that  chelaticm  therapy  be 
administered  when  blood  lead  levels  reach  80  |ig/ 
dL,*^  while  others  favor  initiating  dierapy  at  even 
lower  ievds  (perhaps  70  pg/dL),  paiticulariy  in  chil¬ 
dren.”  The  most  rational  advice  when  approaching 
chdatkm  therapy  is  diat 


•  thetreatingphysidanmusthaveadeeputeex- 
perience  in  the  pnxedures,  and 

•  the  therapy  must  be  based  on  dinical  findings 
as  wdl  as  on  the  blood  lead  level 

Chelaticm  prophylaxis  is  mxr  appropriate  as  a 
preventive  measure  for  lead  workers  and  such  use  is 
specifically  prohibited  hy  law.*^ 

The  Ca-EDTA  lead  mobilizatiem  test  is  a  useful 
procedure  that  can  hdp  to  determine  the  extent  of 
body  stores  and  wheth»  dielation  therapy  may  be 
indirated.  (OthertestsarecunendybeingdevdopecL) 
The  mobilizatiem  test  utilizes  a  bolus  of  Ca-EDTA  to 
mobilize  stored  lead,atiddien  measures  theamountof 
lead  that  is  excreted  via  the  urine.  Aldiough  the  dose 
of  O-EDTA  has  not  been  standardized,  30  mg/kg  has 
been  suggested  as  the  recommended  bohis.  )^y 
dinkiaiis  who  perform  this  test  useabohis  of  1  g.  The 
test  b  consider^  positive  and  indicative  of  dangaous 
leveb  of  lead  stc»res  if  more  than  600  pg  of  lead  in  24 
hours  bchdated  and  excreted.*^^  In  cases  erf  renal 
impaiiment,  an  exetetiem  of  more  than  600  pg  of  lead 
in  72  hours  b  considered  poative. 

The  chelating  agent  of  chc^  is  not  always  Ca- 
EDTA,  It  has  proven  to  be  benefkhd  in  higih-tevel 
poisonings,  although  no  study  has  yet  definitivdy 
indicated  a  benefit  from  chelation  in  asymptomatic 
itidividuak  i^dio  are  mildly  intoxicated.  Currently, 
some  debate  exists  on  the  administntiem  erf  dielation 
therapy  for  low  blocxi  lead  levek  in  asymptonutic 
chOdr^  Thb  debate  centers  around  tile  indtications 
that,  in  young  chOdien  (<  6),  even  low  blood  lead  Icvds 
can  cause  debyed  CMS  development  l>FbiidIlainine 
and  British  anti-Lewbite  (BAD  have  also  been  used  to 
chdatelead.  These  agents  are  usually  considered  to 
be  second  dioices  brause  of  their  high  potential 
toxidties.  Qngcmgresearchsuggeststhataiiuinberof 
candidate  substanm,  such  as  23<iiinercaptosocxinic 
acid  (DMSA),  shciw  promise  as  efiective  lead  chdatars. 


PREVENTION  AND  CONTROL 


Preventionand  control  measuresmust  beimpieinent* 
edtogetiiertocurtaiiwoikereiqxisureadequatdy.  Con¬ 
trol  measures  involve  several  general  industrial  hy- 
^ene  practices  sudi  as  ei^ineeriiig  controls  and  PFE; 
however,  preventiem  methods  can  be  divided  qpedfi- 
caOy  into  (e)  primary  prevention,  whidi  impli»  tiiat 
<!xposuTeandilleffe^areoomp]eteIyavoid<^(b)sec- 


ondaiy  preveiitiori,  which  implies  an  early  interveittion 
toiiinit  the  niefiectsofexposun!;  and  (c)  tertiary  preven¬ 
tion,  which  b  a  therapeutic  or  a  rehabilitative  action. 

Standards  and  Rqsinlatiofis 

Occupational  and  environmental  standardsencom- 
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passelementsofallthiieepreventivestrategies.  As  the 
potential  hazards  of  lead  became  known,  regulation 
and  legisbtion  to  control  exposure  have  become  more 
commonplace.  Forexample/thegovemmentofGreat 
Britain  developed  comprehensive  rules  aiul  regula¬ 
tions  pertaining  to  occupational  lead  exposures  as 
early  as  the  late  19th  century.  In  the  United  States,  the 
Commonwealth  of  Massa^usetts  enacted  a  law  in 
1723  that  banned  the  use  of  Iead<ontaining  materials 
inrum-distillationequipment*^  Still,  wide^read  regu¬ 
lation  in  the  United  ^tes  did  notappear  until  the  n^- 
to  late  20th  century,  at^  federal  regulations  did  itot 
appear  until  the  1970$.  These  regulations,  adminis¬ 
tered  by  several  federal  agendcs,  cover  a  number  of 
settings  for  lead  exposure  (Table  12-3).  The  U5.  Army 
complies  with  all  federal  occupational  and  environ¬ 
mental  regulations. 

During  this  century,  the  worldwide  treiKi  has  been 
downward  for  what  are  considered  to  be  safe  or  ac¬ 
ceptable  blood  atKl  air  levels,  resulting  in  tighter  regu- 


latioir.  For  example,  early  in  this  century,  the  occupa¬ 
tional  standard  for  lead  concentration  in  air  was  gen¬ 
erally  500  pg/m^,**  it  dropped  to  200  pg/m^**  and  is 
trow  50  pg/m^.”  (Interestingly,  the  normally  more 
conservative  Amer-ican  Conferee  of  Governmental 
Irulustrial  Hygierusts  lACGIH}  has  a  recommended 
Threshold  limit  Value  flLVl  of  200  pg/m^  which  is 
higher  than  the  maximum  level  set  05HA  regula¬ 
tion.”) 

As  with  air  lead  levels,  blood  lead  levels  in  the  60  to 
80  pg/dL  range  were  once  considered  to  be  getrerally 
safe.**  The  currently  recognized  "safe"  level  is  also 
comingurtderagreatdealofsuspicion.  It  is  rmw  fairly 
well  accepted  that  the  40  pg/dL  level  is  probably  rtot 
safe  for  reproductive  adults  and  young  ^dren.”  In 
addition,  under  the  1974  Safe  Drinking  Water  Act,  the 
EPA  attempted  to  eimire  the  safety  of  public  water 
systems  by  establishing  and  regulating  the  maximum 
contanunant  levels  (MCL)  for  each  contamirtant  of 
concern. 


TABLE  U-3 

SUMMARY  OF  LEAD  STANDARDS  AND  REGULATIONS 

RegnUtoty  Snbjcct  of  RegoUted 

Agency  Rcgnlation  Expocure  Level  Commenls 


coc 

General  population 

25pglead/dL 

blood 

FDA 

General  population 

100  pg  lead /day 

ACGIH 

Workplace  air 

150  pglead/m’air 

NIOSH 

Workplace  air 

100  pglead/m^air 

OSHA 

Worker  blood  lead 

60  pg  lead/dL  blood 

05HA 

Woricer  blood  lead 

40  pg  lead/dL  blood 

OSHA 

Workplace  air 

SO  pg  lead/m^air 

OSHA 

Workplace  air 

30pglead/m^air 

EPA 

Oneral  ambient  air 

15  pg  lead/tn^air 

EPA 

Drinking  water 

50  pg  lead/L  water 

EPA 

Drinking  water 

Oppm 

erse* 

Paint 

0.06^1(600  ppm) 

Advisory  level  for  maximum  "safe"  blood  lead  in 
children 

Recommended  maximum  permitted  intake  via  food 
(primarily  for  children  ages  1-5  years) 

ILV  is  3-fold  >OSHA  PEL 

Recommended  exposure  air  is  2-fold  >  OSH  A  PEL 

Necessitates  medica]  removal  from  job 

Necessitates  mandatory  detailed  medical  examination 

PEL.8-hTWA* 

Action  levd,  8*h  TWA 

Averaged  over  a  calendar  quarter 

Enforced  drinking  water  standard  or  MCL^;  5  pg/L  b 
the  proposed  MCL 

MCL  goal  (what  EPA  conriders  safe,  regardless  of 
technically  achievable  attainment) 

Maximum  %  (dty  wt)  in  newly  purchased  or  applied  paint 


‘Twne-wetghifd  a\rrage 
^Maiimum  containment  level 
tCcauumcT  Products  Safety  Coiranbaion 

Source;  USOrpartmcnlolHeaUhand  HumanSenocts.  Agency  for  ToxicSubstances  and  Disease  Registry.  Lead  loucily-  licCanvul  Alof; 
Cafr  Studies  m  EitrtMmntM  Mtdtcttie.  Atlanta.  Ca:  USOHHS;  )une  1990;  17. 
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Occapattonal  Regolatioiis 

Woiic-rdated  lead  exposure  is  regulated  by  Title  29 
G)de  of  Federal  Regulations  (C3T0,  Part  1910  §  1025.“ 
Spedfkally,  this  regulation  applies  to  all  occupational 
1^  exposures,  excluding  certain  constructkm  and 
agricultural  situations  that  are  regulated  by  29  CFR 
1928."  The  construction  standard  is  less  stringent  and 
less  rdevant  to  milHaiy  lead  exposures,  and  therefore 
will  not  be  discussed  furdier.  Theoccupationalregu- 
lation,  29  CFR  1910,  hereinafter  called  the  OSHA  stan¬ 
dard,  covers  exposures  to  metallic  lead,  all  forms  of 
inorganic  lead,  and  organic  lead  in  soaps.  However, 
this  regulation  specifically  exdudes  exposure  to  all 
other  CKganic  lead  compounds. 

The  091A  standard  distinguishes  between  work¬ 
ers  who  are  exposed  to  lead  for  30  or  more  days  in  a 
given  year,  and  workers  who  are  exposed  to  1^  for 
fewer  than  30  days  per  year.  This  distinction  is  the 
basis  for  the  requirements  for  the  maximum  permis- 
able  airborne  lead  levds  and  the  administiation  of 
medicalmonitoring.  Althoughthereareriumycompo- 
nents  of  the  091A  lead  standard,  the  most  impor^t 
categories  of  requirements  are  for  air  monitoring, 
medical  monitoring,  personal  proteetkm,  employee 
notification,  and  employee  training  (Table  12-4). 

AirMonitorh^ 

09iA  considers  that  under  most  working  amdi- 
tkms,  airborne  lead  ieveb  oorrdate  wdl  widi  employ¬ 
ees' blood  lead  levris.  Therefore,  air  monitoring  pro¬ 
vides  the  foundation  for  implementing  the  OSHA 
standard.  The  important  values  established  the 
current  regulation  are 

•  theacri(mlh«f,whkh  OSHA  defines  as  30tig/ 

in^,  an  Shour  ocen^  (TWA,  the 

average  exposure  that  would  occur  if  employ¬ 
ees  were  exposed  to  a  given  levd  of  lead  for  a 
normal  8-h  wmlcday),  and 

•  themaximumpermboUeexposurelevdCPEL), 
which  OSHA  defines  as  50  ng/m^  TWA. 

If  employees  are  exposed  to  air  ccmcentrafions  ex¬ 
ceeding  the  action  lev^  employers  must  initiate  con- 
trol  measures  or  preventive  strategies  to  limit  expo¬ 
sure.  Thesecontrolmeasuiesmaydealwithexposure 
incmitoring,  medical  surveiliance,  and  training  or  edu- 
cationorb^  ThePEListheaverageS-houraiibome 
coiKentration,  which  maynot  be  exceeded  undermost 
circumstances. 

The  (35HA  standard  requires  an  initial  assessment 
to  determine  whether  employees  are  exposed  toair- 


TABLEU-4 

CX7MPONENTSOFTHEOSHALEAD  STANDARD 


Specific  CbnponeBt 

Cdm^ondiiig 

Par^raph 

PermissiUe  exposure  limits 

C 

Exposure  monitoring 

D 

Methods  of  compliance 

E 

Respiratory  protection 

F 

Other  protective  equipnrient 

G 

Housekeeping 

H 

Hy^ene  facilities  and  practices 

1 

Medical  suiveilknce 

I 

Medkal  removal  protection 

K 

Employee  information  and  training 

L 

Recordkeeping 

N 

Monitoring  and  observation 

O 

Soorct:  29  CFR.  Part  19105 1025. 


borne  lead  concentrations  at  or  exceeding  the  action 
level  The  standard  stipulates  that  all  employers  must 
conduct  this  initial  air  monitoring  if  any  of  the  follow¬ 
ing  conditions  is  met: 

•  mformatiCMvobservatkm,  or  calculations  iiidi- 
catethatemf^eesare,«'couldbe,exposedto 
lead; 

•  prior  monitoring  airborne  lead  indicates 
possible  lead  exposure;  or 

•  any  empk^ee  complains  of  symptoms  attrib¬ 
utable  to  or  indicative  of  lead  exposure. 

OSHA  mandates  the  fiequency  of  air  sampling, 
based ontiieresultsoftheinitialairmoiutoring.  Ifthe 
initial  air  monitoring  indicates  that  no  em(4oyee  is 
exposed  to  lead  levds  at  or  exceeding  the  action  levd, 
thm  tile  employer  b  required  only  to  document  the 
determination.  The  documentation  must  indicate  the 
tesulb  of  the  air  sampling,  ^lecific  conditiems  of  the 
sampling,  (eg.  tiie  names  of  the  individuak  who  con¬ 
ducted  the  air  monitoriiig,  the  testing  dates,  and  the 
equipment  used),  and  the  individuab  (or  the  location) 
for  whom  the  air  sampling  b  valid.  If  the  initial 
mcmitoring  indicates  that  a  lead  exposure  between 
the  action  levd  and  the  PEL  b  oocurring,  the  stand¬ 
ard  requires  that  air  monitoring  be  repeated  every  6 
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months,  unHl  two  consecutive  measumnents  (taken  7 
d  apart)  demonstrate  aiihorne  lead  levds  to  be  below 
die  action  level  Rna]ty,ifinitialairmonHorin(;dent- 
onstiates  exposures  exceeduig  the  PEU  quart^  air 
monitoring  is  required  until  two  consecutive  measuie- 
ments  demonstrate  ahbome  lead  levels  below  tite 
PEL  In  addition,  air  mcmHoting  is  required  if  any 
duuige  in  process  occurs  that  could  result  in  new, 
differmt,  or  additional  lead  exposure. 

When  initial  or  subsequent  air^monHoring  results 


indicate  that  airborne  lead  levds  exceeding  the  PEL 
ore  occurring,  extensive  measures  to  limit  emfdqyee 
exposure  to  below  die  limit,  or  to  the  lowest  levds 
feastb)e,mustbeenacted(Figuie]2-Il}.  Whereitisnot 
possible  or  feasibie  to  reduce  exposures  to  bdknv  the 
PEL,  then  existing  controb  must  be  supplemented 
with  respiratory  protection  and  a  respirator  program. 
The  one  exception  to  this  rule  is  when  employees  are 
exposed  to  airborne  lead  levds  exceeding  dte  PEL  for 
30  dj^  or  less  per  year.  In  this  case,  engineering 


Lead 


control  measures  are  required  to  limit  exposu  re  to  only 
200  Mg/m^  and  a  coml^tion  of  administrative  and 
personal  protection  means  can  be  used  to  effect  the 
remaining  reduction  to  less  than  50  pg/m^.  Ihe  poli¬ 
cies  and  operating  procedures  that  detail  the  ways  in 
which  an  employer  controls  lead  exposure  are  fre¬ 
quently  tenn^  a  compliance  program.  Compliance 
programs  must  be  documented  in  writing  and  up¬ 
dated  biannually. 

Medical  Surveillance 

The  OSHA  standard  requires  employers  to  make 
medical  surveillance  benefits  available,  wltich  the 
OSHA  standard  requires  be  provided  under  thesuper- 
vision  of  a  licensed  ph>‘sician  and  without  cost  to  the 
employees,  (a)  to  all  workers  who  are  exposed  to  lead 
at  or  above  the  action  level  for  more  than  30  days  per 
year,  ib)  prior  to  assignment  in  areas  where  concentra¬ 
tions  are  above  the  action  level,  or  (c)  whenever  there 
isa  medicalneed  for  the  examination  based  on  worker 
complaints  or  medical  saspicion  of  exposure.  Em¬ 
ployer  participation  is  mandatory,  but  each  employee 
decides  whether  to  take  advantage  of  these  benefits 
(Exhibit  12-2). 

The  OSHA  standard  dictates  that  the  maximum 
allowableblood  lead  levels  in  working  adults  is  40pg/ 
dL  If  medical  surveillaiKe  indicates  that  an  employee 
has  a  blood  lead  level  greater  than  this,  the  fre^eiKy 


of  that  employee's  blood  lead  monitoring  increases 
from  once  every  6  months  to  oiKe  every  2  months.  The 
blood  lead  monitoring  must  continue  until  two  con¬ 
secutive  blood  lead  measurements  are  40  pg/dL  If 
monitoring  iiKlicates  that  the  blood  lead  level  is  higher 
than  40  pg/dL,  the  worker  must  be  notified  of  these 
results  within  5  days.  Although  the  OSHA  standard 
itself  and  the  frequency  of  blood  lead  monitoring  are 
based  on  a  40  pg/dL  limit,  OSHA  recommeiids  a 
permisstble maximum  blood  lead  level  of  30pg/dL  for 
those  employees  (nule  and  female)  who  wish  to  have 
children. 

The  OSHA  standard  provides  that  occupational 
health  physicians  have  discretionary  power  they  are 
allowed  to  set  more  stringent  (conservative)  criteria 
than  those  the  OSHA  standard  defines  for  removing 
workers  from  exposure.  For  example,  the  OSHA  stan¬ 
dard  mandates  that  employees  with  blood  lead  levels 
higher  than  60  pg/dL,  ot  Aose  whose  average  blood 
lead  levelis  higher  thanSOpg/dLfbrthreecoitsecutive 
measurements,  be  renroved  from  exposure  until  their 
blood  lead  levdis  drop  below  40  pg/dL  However, 
regardless  of  the  blood  lead  level  findings,  an  occupa- 
tiottal  health  physician  may  recommend  that  employ¬ 
ees  be  removed  from  exposure  if  their  sym^Homs 
demonstrateadverseeff^  from  lead.  Ifanemployec 
is  medically  removed  from  exposure,  then  the  OSHA 
standard  requires  that  blood  lead  level  determii^tions 
be  performed  every  month  while  the  employee  is 


EXHIBIT  U-2 

OSHA-MANDATED  MEDICAL  SURVEILLANCE  REQUIREMENTS 


Determinations  of  blood  lead  le\'el  and  zinc  protoporphynn  levels  every  6  months 
Compilation  of  a  detailed  work  hbtory  with  attention  to  past  lead  exposures 
Compilation  of  a  habits  history  (smoking,  dnnking,  pica) 

Compilation  of  a  detailed  medical  history  (to  identify  potentkl  risk  factors  and  adverse  effects  associated  with 
neurological,  cardiovascular,  rerul,  hematological,  reproductive,  and  gastrointestinal  systems) 

A  physical  examination,  with  attention  to  the  same  systems  mentioned  above,  as  well  as  the  respiratory  system  if 
respiratory  protection  is  used 

Measurement  of  blood  pressure 

Measurement  of  hemoglobin  and  hematocrit 

Measurement  of  erythrocyte  indices  (including  a  review  of  the  peTtpheral  smear) 

Measurement  of  serum  creatinine 

Urinalysis,  including  a  microscopic  examination 

Pregnancy  testing  or  laboratory  evaluation  of  male  fertility 
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removed  from  the  worksite.  Additionally,  whether  an 
employee  is  removed  from  exposure  due  to  excessive 
blo^  lead  levels  or  upon  a  physician's  recommenda¬ 
tion,  the  OSHA  stan^rd  states  that  no  adverse  per¬ 
sonnel  actions  may  result  from  such  a  removal  for  up 
to  18  months  (ie,  the  employee  cannot  be  fired  for  any 
reason  during  that  time). 

Personal  Protection  and  Hygiene 

The  OSHA  standard  requires  that  employers  pro¬ 
vide  potentially  exposed  employees  with  the  neces¬ 
sary  ^E,  such  as  coveralls  and  gloves,  at  no  cost  to  the 
employee.  Laundering workclothesand  maintaining 
the  cleanliness  of  the  worksite  are  also  the  employer's 
respoirsibilities.  Dry  sweeping  of  lead  dust  is  prohib¬ 
ited;  it  must  be  vacuumed  up  or  washed  down.  Some¬ 
times  vacuuming  with  a  high-effidetKy  particulate  air 
(HEPA)  niter  may  be  necessary  to  remove  lead  dust. 
The  employer  must  also  provide  clean  eating,  lava¬ 
tory,  and  washing  fadlides. 

Training  and  Notification 

The  OSHA  standard  holds  employers  responsible 
for  mforming  their  employees  of  the  existerrce  and 
content  of  the  regulation,  and  to  notify  employees  of 
their  test  results.  The  purpose  for  this  requirement  is 
to  keep  employees  as  i  nformed  as  possible  about  their 
exposure  to  lead,  the  health  implications  of  exposure 
to  lead,  and  the  protection  and  control  practices  avail¬ 
able  to  them.  Spedfically,  training  must  irKlude  infor¬ 
mation  concerning  the  rffects  of  lead,  the  engineering 
and  other  control  measures  used  to  deal  with  the 
hazard,  and  the  purpose  and  details  of  the  medical 
surveillance  portion  of  the  regulatiort 

Environmental  Regolatiotu 

Military  preventive  medidne  specialists  who  prac¬ 
tice  occupational  health  often  arc  responsible  for  the 
environmental  health  of  those  who  work  at  the  instal¬ 
lation.  This  responsilrility  can  irKlude  ensuring  that 
the  post's  water-distnlniHon  system  is  safe;  that  post 
hou^g,  day-care  centers,  and  other  facilities  are  lead 
free  and  safe  for  habitation;  and  that  hazardous  waste 
is  disposed  of  appropriately.  These  physicians  must 
be  cognizant  of  the  regulations  and  standards  that 
involve  both  environmental  and  occupatiorul  sources 
of  lead  exposure. 

Regulations  pertaining  to  envirorunental  lead  tend 
to  be  less  spedfic  for  individuals  than  regulations 
pertaining  to  occupational  exposure.  Provisions  for 


limiting  lead  exposure  are  contained  within  the  Com¬ 
prehensive  Environmental  Response,  Compensation 
and  Liability  Act  (CERCLA),  the  Safe  Drinking  Water 
Act,  the  Gean  Air  Act,  and  other  federal  laws.  These 
regulations  cover  exposure  to  lead  from  many  sources 
such  as  drinking  water,  air,  food,  and  consumer  items 
such  as  paint.  Still  other  regubtions  cover  the  use  or 
disposal  of  lead  products  but  a  detailed  discussion  of 
all  envirorunental  regulations  is  beyond  the  scope  of 
this  chapter. 

Drinking  Water 

The  EPA's  established  limit  of  lead  in  drinking 
water— not  greater  than  50  pg/^-is  the  maximum 
level  of  contaminant  for  drinking  water  from  a  water- 
distribution  system.  The  EPA  has  also  proposed  an 
ultinrategoalof  zero  lead  in  drinking  water  and  EPA 
regulations  state  that  lead  solder  will  not  be  used  in 
plumbing  joints.  Furthermore,  the  public  must  be 
notified  ifdrinking  water  is  contaminated  with  lead  as 
a  result  of  either  lead  in  the  plumbing  system  or  water 
sufficiently  corrosive  to  cause  lead  to  leach. 

Ambient  Air 

The  Gean  Air  Act  regulates  the  level  of  lead  in 
ambient  air.  The  substantial  decrease  of  airborne  lead 
in  recent  years  has  been  a  direct  result  of  the  use  of 
unleaded  gasoline,  as  this  regulation  has  required. 
Currently,  thestandard  permits  no  morethan  13pgof 
lead  per  m^  of  air.  The  reduction  of  air  pollution  will 
have  subsequent  impact  on  soil  and  water  contamina¬ 
tion  as  well.  Recent  amendments  to  the  originai  Gean 
Air  legislation  ha  vemadesomeadministrativechanges 
on  how  the  air  coTKentration  is  calculated  and  what 
comprises  an  acceptable  level  of  air  discharge. 

food 

The  Food  and  Drug  Administration  (FDA)  has  also 
promulgated  a  maximum  allowabledaily  ingestion  of 
1(X)pg  of  lead  horn  foods.  TheFDAhascoiKentrated 
some  attention  on  lowering  lead  content  in  canned 
foods,  and  controlling  the  entry  of  food  uten^  (pot¬ 
tery)  and  pesticides  into  this  country.** 

Paint 

Lead  within  paint  has  been  regulated  by  the  Con¬ 
sumer  Products  Saf^  Commission  to  a  maximum  of 
0.06%  net  weight"  Furthermore,  the  Department  of 
Housingand  Urban  Development  hasoompiled  guide- 
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lines  on  lead  abatement  in  older  homes.  Some  of  this 
guidance  has  military  lelevatKe:  most  installaticm 
housing  and  buildings  now  used  for  child-care  centers 
are  old  and  contain  layers  of  lead-based  paint 


However,  no  adequate  substitute  for  lead  is  avail¬ 
able  in  many  situations,  and  the  alternative  is  to  sepa- 
ratetheworherfromtheexposure.  Thiscanbeaccom- 
plished  through  a  number  of  ways: 


Prevention  and  Control 

Without  doubt,  the  most  effective  means  of  pre¬ 
venting  lead  exposure  is  primary  prevention,  whid) 
includes  (o)  avoiding  lead  completely  by  substituting 
a  less-toxic  substance  and  (b)  separating  the  worker 
horn  the  lead  (both  spatially  and  temporally).  These 
efforts  require  both  administrative  means  and  process 
and  work-practice  controls. 

Avoiding  lead  and  substituting  less-toxic  materials 
havebeen  the  primary  means  of  reducing  the  potential 
for  lead  exposure  in  both  occupational  and  environ¬ 
mental  settings.  Examples  already  discussed  indude 

•  the  devebpment  and  use  of  nonlead,  durable 
paints; 

•  the  replacenwnt  of  lead  plumbing,  where  nec¬ 
essary;  and 

«  the  devdopment  and  use  unleaded  gasoline. 


•  Engmeering  amtrob.  For  example,  ventilation 
can  be  designed  and  manufactured  to  keep 
lead  aiul  its  fumes  and  dust  physically  away 
from  the  worker.  Care  must  be  taken  not  to 
redirect  the  hazard  toward  others. 

•  Administrative  amtrob.  For  example,  work 
sdiedulesandactivitiescan  be  cyded  to  reduce 
dte  time  workers  ^wnd  in  lead-exposure  areas, 
whidi  win  limit  th^  potential  total  exposures. 

•  Substitution.  Altering  the  process  to  p^ucea 
less  volatile  form  of  lead  can  also  be  used  as  a 
control  medumisnr.  For  example,  instead  of 
burning  the  paint  off  a  metal  pa^  duping  the 
paint  may  r^uce  the  exposure  potential 

Other  controls  indude  ertdosing  the  processes  to  iso¬ 
late  the  worker  from  exposme  and  elmunating  the 
need  for  human  workers  by  using  robots  (as  is  done  in 
some  painting  operations). 


Hg.  12-12.  Cumbersome  protective  gear  (including  a  respirator,  hooded  chemicai-resisunt  suit,  gloves,  and  boots),  worn  for 
prolonged  petiod.<i  of  time  in  sandblasting  operations,  imposes  both  physiological  and  psydwlogical  demands  on  the 
worker.  Excessive  physiological  demands  often  manifest  as  heat  stress.  The  inabiUty  to  tolenie  the  psycholo^cal  demands 
may  manifest  as  anxMy  or  daustiophobia.  Source:  US  Army,  Anniston  Army  Depot,  Anniston,  Ala. 


457 


OccupalkmiU  Health.  The  SMier  and  the  Industrial  Base 

Often,  wearing  PPE  (eg,  respirator  gloves,  or  cov-  •  Beard  growth  and  facial  deformities  can  make 

eralls)  is  the  only  means  of  control  available  to  woiic-  a  respirator  ineffective  by  interfering  vrifti  or 

ers.  AlthoughPTCisIesseffectivethaneliminatingthe  not  conforming  to  its  fax  seal;  therefore  the 

exposure  or  altering  the  process,  protective  clothing  respirator  will  provide  little  or  no  proteetkm. 

and  other  devices  are  oftm  used  to  coi^I  exposure  *  Cardiopulnmnary  insufficiency  or  daustro- 

because  they  are  relatively  low-cost  The  advantages  phobia  rruy  not  allow  a  worker  to  tolerate 

of  using  PPE,  therefore,  are  availability  and  thephysiolpgicalorpsychologicaldeinandsof 

aftbrdabUity,  The  disadvantages,  however,  can  be  resjmatcM^  or  other  h«vy  equipment  (Figure 

numerousand  formidable:  improper  fit,  poorly  moti'  12-12). 

vated  users,  and  erngoing  maintenaiKe.  •  Th?  protective  equipment  may  even  fKilitate 

Proper  use  of  PPE  implies  that  the  workers  are  able  unexpected  exposures;  for  example,  spouses 

tousetheequiprrrent  Certain  conditions  are  iiKom-  havebcenexposed  via  lead  brought  homeona 

patible  with  wearing  PPE,  however  worker's  prciectivedothing."-” 

SUMMARY 

Lead  is  one  of  the  most  important  raw  materials  exposure.  When  improperly  performed,  fite  process  is 

used  in  dvilian  and  military  mdustry.  Inthemilitary,  associated  with  a  significant  degree  of  risk  b^  to  the 

thehighestlikdihoodofleadexposureisinoperations  abatement  workers  and  to  the  occupants.  Careful 
associated  with  applying  or  rerruning  paint  wdding,  attention  to  minimizing  exposure  to  the  lead  dust 

and  firing  explosives  or  weapons.  has  rto  known  generatedlytheremovalprooessaccountsformudiof 
biological  function,  but  it  a^cts  virtually  every  organ  tiie  expense  and  tedium  ^ddeading  operations, 

system  and  is  toxic  to  many  biochemical  processes  in  Thepotentialforenvirorunentalexposurescanalso 

thebody  The  blood  lead  levds  at  wluch  health  effects  bcmodiifiedby(a)usingun]^dedpaints,(f»)removing 

areinariif<»tmaybemuchiowerdianweotKethought.  or  endosing  lead-based  paints,  (c)  rej^acing  lead  in 
Although  much  about  occupational  and  environ-  plumbing  systems,  and  neutralizing  acidic  water, 
mental  lead  exposure  is  highly  regulated,  we  must  stili  Obviously,  the  most  effective  way  to  achiei'eenviron- 

carefullyconsidersoutcesofleadandthemechanisms  mental  coctrol  is  similar  to  that  of  achieving  occupa- 
of  lead  exposures  to  provide  rationai  and  effective  tional  cctitrol:  remove  the  sources  of  lead, 
control  of  lead  as  a  hazard  to  human  health.  General  Despite  efforts  to  contn^  both  occupationa]  and 
wo.*kpiacehygieneisimportant  Indeaningworksites  environmental  exposures,  lead  toxkftyreniaijisanot- 
with  lead  exposures,  efforts  must  be  taken  to  limit  the  uiKommonciinicalcondition.  ToxictevcJsr^leadcan 

amount  of  dust  being  blown  or  swept  Often,wetting  be  removed  through  the  use  ofchdating  agents  when 

an  area  to  keep  dust  generation  to  a  mirdmum  is  necessary;  herwever,  Ixxause  the  chdating  agents  ats 

recommended.  The  process  or  lead  abatement  (strip-  then^ves  toxic,  the  deciskm  to  treat  lead  poisoning 
ping  laad-based  paint  ftom.-Kcessible  surfaces)  can  be  should  not  be  made  lightly.  Treatr.ient  should  bedone 

expensive  and  must  be  perfonr,ed  proptriy  to  reduce  only  by  experienced,  knowledgeable  physicians. 
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nmoDucnoN 

A  lai]ge  segment  of  the  Department  of  Defense  volatile  and  pose  ^gnificant  inhalation  hazards. 

(DoD)  indiistrpJ  woiifoice,  including  both  civilian  Theoiganicsolvenisindudeali{^iaticandaiioinatic 
and  military  personitel  is  employed  in  occupations  hydrocarbons,  chlorinated  hydrocarbons,  aloohds, 
thatinvolvepoteittialexposurestotoxicenvironmenis.  etherester5,andketones.Thistextt>ooktrealsfluoiD- 
Otgartic  solvents  are  a  ma)or  source  of  exposure.  A  carbonsseparatdly&omtheotherhalogetutedhydro- 
sohent  is  a  material,  usually  a  liquid,  that  is  capaUe  of  carbon$;theyareusedassolvents,butthetrnoitsolvent 

disrolvinganod)ersub5tarroe.SolventsirKludehighly  usesasrefrigerants,pTopeIlants,andinfire-supptes- 
polar  substartoes-Iike  water,  as  wril  as  norqxrlar  or-  sion  systems  have  greater  militaty  and  medical  sifflifi- 

ganic  compounds.  Because  the  vapor  pressure  of  cance.  Oil-based  paints  rrot  only  cotOain  solvents  dat 

water-based  srdvents  is  low,  and  the^ore  the  poten-  areusedasdi}uents,theyalsocontainresins,vriudes, 

tial  for  inhalit^  their  vapors  is  also  low,  water-based  and  additives  dial  are  associated  with  a  variety  of 
sdventsarerrotdiscussedindusdupter.  Manyofdie  iUitesses  to  wiiich  occupational  healdi  ptofesskmals 
noiqxrfar  organic  solvents,  however,  are  r^Uiv^  trurst  reqrond. 

SOLVENTS 


TheDoDbamajoruserofsc^vents.  Maiedian25 
installations— inchiding  shqjyards,  air  logbdcs  ou¬ 
ters,  army  depots,  and  aviation  repair  and  ntainte- 
nance  fadlides- -each  use  over  27,^  gallons  of  sol¬ 
vent  per  year,  and  at  least  120  instaDatiofis  use  lesser 
amounts.^ 

In  general.,  occupational  exposures  tu  solvertts  in 
the  uniformed  and  dvilian  defense  workforce  dupli- 
catedwsefourtdindvilianindusity.  Solventsareu^ 
as  dry-cleaning  agents,  chemical  intennediates  in 
manufacturiitg,  dr)^  compounds,  general-purpose 
deairers,  paint  ddnnersand  rennovers,  and  in  thesuuni- 
factureofmaterid.  Thbdupforoonsiderssolventsas 
they  are  used  in  four  militiuy  app&atkms:  vapor 
degreasers,  cokl-dqq;ingcleat«ers,  ptedsion  deanm, 
and  solvenb  dukt  ate  associated  with  paints. 

In  vapor  degreasing,so}vent  contained  mdegreasing 
tanks  b  heaM  to  the  boiling  point— wlddi  b  low, 
relative  to  water-iaitd  dte  vapors  form  a  doud  over 
thesurface.  The  items  to  be  deaned  are  lowered  into 
the  vapon,  which  then  condense  on  the  cold  item  and 
dhsc^  its  surface  oils  and  greases.  Thedqpeasing 
tanks  are  usually  fitted  wUh  a  coding  cdl  rrear  die  top 
that  cmidenses  the  vapor,  minieuzing  dtesdvent  loss. 
The  aolvents  dwit  are  commonly  used  in  diese  opera- 
tioiis  indodz  perchlorethytene,  methyl  chlotx.'form, 
tridsloroediyletK!,  methyls  chkrnde,  and  trkhloro- 
guoroethane.’ Vapor  degreasing  b  used  by  die  amty 
for  a  muttber  of  industrial  operations  including  deem¬ 
ing  et^dnes  and  other  vdiide  parts  in  vehide-suinie- 
nance  fadliiies  and  degreasing  large-bore  gun  tubes 
after  xnQting  O^gures  13-1  and  13-2). 


In  cold-dipping  degreasing,  die  item  to  be  deaned 
b  stm{^  dipped  into  a  tank  of  solvent  These  st^ 
vents— from  petroleum  distillates  to  rraxtures  that 
indudealiphaticand  aromatichydrocatbons,  ketones, 
cdlosoIves,andcteosole—tendtohavelowerv(4ati}- 
ity  than  those  used  in  vapor  degreasers  and  therefore 
the  rbks  of  inhalation  are  less  for  workers.  These 
procedures  are  also  typical  at  vdiide  maintenance 
frdlities,  particularly  for  snaller  parts. 

Precision  cleaners  generally  fluorocarboos— are 
also  used  in  thdr  liquid  state,  usually  in  cold  dipping 
or  as  ^irayed  aerosols.  They  are  generally  to 
dean  sensitive  electronic  components.  Lar^quanti- 
ties  of  solvents  are  also  used  in  pasnb  and  rdated 
products  such  as  varnishes  and  lacquers,  and  paint 
thinners,  primers,  and  strippers.  Exposures  occur 
during  mixing,  applying,  or  dry  ti^ 

GcnaalToiikity 

Thepotentialhealdiefrectefromexposuretosol- 
venb  depend  on  a  number  of  foctois  including  die 
physical  and  diemkal  properties  of  the  solvents,  how 
the  solvents  are  used,  the  way  in  whidi  workers  are 
exposed,  and  die  duration  Omte  or  chroRk}  of  the 
ecpcsure.  In  die  industrial  settii^  there  are  two 
primary  routes  of  caqrosure  inhalation  of  vapors  or 
acrosoSzedmbtsanddennslabsorptkm.TVconcen' 
tration  of  solvent  vapors  m  air  b  expressed  in  tuftone 
pcrc«fian;units{eg,paitsperm0IkxO.  Concentrations 
can  also  be  expressed  as  mOUgiams  per  ctfoic  mefieT, 
whidi  b  a  per  robonr  sneasure.  Pstticulaies 
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suspoided  in  air,  such  as  dusts,  are  only  expressed  a$ 
wei^t  per  volume  units. 

i4cute  exposures  are  isolated  and  of  short  duration 
(minutes  to  several  hours).  In  the  occupational  setting, 
acute  exposures  usually  occur  when  pipes  or  supply 
liites  are  accidentally  broken,  spills  occur,  or  workers 
enter  chemical  storage  tanks  to  dean  or  paint  Acute 
exposures  to  most  organic  solvents  cause  central  ner¬ 
vous  system  (CNS)  depression  and  narcosis.  Signsof 
toxid^  indude  disorientation,  euphoria,  giddiness, 
and  confusion,  whidi  are  reversible  in  nrost  cases 
when  the  victim  is  removed  from  the  toxic  environ¬ 
ment  WithsufticientIyhighexposuTes,thesignsmay 
progress  to  paralysis,  convulsions,  uncottsdoustress, 
and  deathdue  to  respiratory  or  cartikn-ascular  arrest^ 
Airborne  coTKentratioru  of  solvents  sufficient  to  cause 
acute  toxic  effects  are  typically  in  the  range  of  1 /XX)  to 
10/XX)  ppm,  although  these  are  compourtd  specific 

Ommk  exposures  to  solvents  are  repeat^,  daily 
exposures  to  low  concentratkms.  Again,cortcentra- 
tions  suffident  to  cause  duonic  toxidty  arecompouru! 
^redfic,  but  generally  range  from  hutklteds  of  parts 
per  million  to  less  than  1.  Denrutitis  is  a  coounon 
result  ctfprohmged  or  repeated  dermal  contact  Thisis 
a  result  of  the  defatting  of  skin  by  the  solvents,  which 
causes  dryness  artd  fissuring  of  the  sldn. 

The  orgatric  solvents  are  toxic  to  a  number  of  organ 
systems.  Wdl-defined  CNS  lesions  have  been  de¬ 
scribed  for  n-hexane  aird  n-butyl  ketone  There  are 
also  reports  of  non^redfic  bduvioial,  irtteUectuaL 
and  psydrological  effects  among  workers  exposed  to 
mixed  solvents:  house  and  car  painters  and  |et-fuel 
handlers  have  repented  impairment  of  visual  percep- 
tkm,  harrd-eye  coordination,  and  merrtory,  as  wen  as 
abnormal  re^ts  on  psydidogtcal  tests.* 

Many  solvertts  arc  also  toxic  to  the  bkxxi,  liver,  attd 
kidireys.  In  many  instances,  the  specific  toxidty  re¬ 
sults  horn  {wtnrn^rrmofioR  products  of  the  parent  sol- 
vent  with  the  formtion  of  rtacHve  metA^es?  The 
hepatotoxiceffects  of  carbon  tetrachloride  and  akohol 
are  thought  to  result  from  biotransfbnrwtion  prod¬ 
ucts;  however,  they  have  yet  to  be  tiwroo^y  de¬ 
scribed.  Similarly,  some  blood  dyscrasias  produced 
by  benzene  are  bdievedtooccurasaresult  of  reactive 
metabolites. 

ReqrirafaMy  Uptake  of  Srrivenls 

Among  other  physioiogical  factors,  the  rate  and 
depth  of  pulmonary  ventilationand  thecardiacoutput 
affect  the  re^nratory  uptake  of  solvents,  «k1  these 
ultinutdy  influence  the  toxic  effects.  Solvent  uptake 
in  thclimgs  is  through  stn^diffusioru  thedifidence 


in  coiKentration  between  in^rired  air  and  the  blood 
is  the  driving  force  that  causes  a  solvent  to  enter 
theblood  and  bedistributed  throughout  thebody.  Gas 
in  the  alveoli  equilibrates  rapdly  with  Mood  in  the 
pulmonary  capDaries.  Blood  solvent  levels  depend 
on  the  solubility  of  the  solvent  vapors  in  blood.  For 
very  soluble  solvents  sudi  as  chl^foim,  very  little 
remains  in  the  alveolar  gas  for  expiratiori.  ^uMe 
compounds,  however,  require  longer  to  equifibrate 
with  the  Mood  than  low-sohtUe  compounds  because  a 
greater  amount  of  compound  is  requued  to  readt 
equilibrium.  An  increasing  ventilation  rate  will 
increase  the  ddivery  of  solv^  vapors  to  the  lungs 
and  decrease  the  time  required  for  equilibtation.  Up¬ 
take  of  these  solvent  vapors  is  said  to  be  venlilatkm 
/mttof  (ie,  equilibration  is  dependent  on  the  rate  aitd 
depth  of  respiration).  Inamtrastthevapotsofsolvciits 
w^low  solubility  take  less  timetoequilibtatewitiitiw 
Uood,andtheratoi$dependentonUcxxi  flow  through 
the  lungs.  Uptake  of  these  substances  is  said  to  be 
pf?/usim  The  solubility  of  a  solvent  the  time 

necessary  for  it  to  tench  equilibrium  in  the  blood,  and 
theconcentrationofthesolventintfaebloodatequilib- 
thun  are  (a)  related  through  the  sohibility  coefficient 
(S)  and  (h)  limited  by  ventilation,  perfusion,  and  car¬ 
diac  output  (Table  13-1).  The  sohdnlity  coefikient 
represents  the  ratio  of  the  concentration  of  a  vapor  or 
gas  in  an  aqueous  medium  to  the  concentration  in  the 
gas  phase. 

Specific  Toxidly 

Specific  toxicological  effects  can  be  described  for 
individual  solvents  (Table  13-2).  However,  inmost 
industrial  settings  exposures  will -be  to  complex 
mixtures;  the  dwmkal  composition  of  ffiese  solvent 
mixtures  tvill  vary  with  the  particular  lot:  of  sdvent 
furnished  by  various  suppli^  in  numy  cases.  The 
onlywaytobecertainoftitesfcdficsoh^composi- 
tkmistoconsuittheMaterialSafety'DataSicetsiq)- 
^iedbythemanufocturerforthespedficlotofscdvent 
in  use. 

AfljphalicHjKfrswrhswt 

Tire  aKphairhydrocaibopsiiichide  the  saturated, 
straight-<±HR  paraffins  (aBaawes)  and  theunataiated 
oie^falkeiws).  ConqwwmdswHhchahr  lengths  of  5 
to  16  carbon  atoms,  are  asually  liquids,  and  those 
exceeding  16  carbons  are  usually  sedids.  Most  com¬ 
pounds  endairang  carbon  chainsexcccdii^ei^itunits 
have  low  volaliity  and  pose  little  rnhalatfon  tineat 
Typical  alifdtatichydiocubonsindudehexancwhidr 


466 


SiAiertts,  Ftuoroaoims,  and  Paints 


TABLE  ia-1 

RESPIRATORY  UPTAKE 


E^pdlibolioa  [Bloodlat  Physiological  Panowter 

Chmacal  S*  Time  Eqailibtivai  Umitiiig  Uptake 


Ethanol 

LIOOjO 

Slow 

High 

Ventilation 

Acetone 

liSJO 

1 

Methyl 

wrn 

ethyl  ketone 

Benzene 

7S 

Carbon 

2.4 

tctiadUoride 

■ 

Ediylene 

0.15 

Fast 

Low 

Perfusion 

*Sdability  corffiotnl 
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is  ti9ed:fm{ua(ttly  as  a  scrivent  in  adhesives  and  is 
found  in  many  paints  and  varnishes*;  kerosene;  «dudi 
is  nsed  as  a  fui^  a  carrier  for  pesticides,  and  a  deaning 
soiveBCand  Stoddard  solvent,  whidt  can  beamixture 
ofmore  dian  100  different  aliphatics  and  is  used  exten- 
sivciyasa  degreasing  absent 

fiimMK.CoiinnetciaIhexane,socnetiines  called  hex' 
aigii«mm,caacot>sistofuptolOQ%n-hexane.  Until 
tfaeaa]id>1960s,  n-hexane  was  consideted  to  be  rda- 
thd^nontoxicbecaxme  workers  could  be  exposed  to 
hig^  ooocenttations  of'V^x>r  widi  no  disarnifort 
Ho— ev«;in  1964,  workers  usmg  products  CCTtaining 
ndassaae  began  to  edidrit  sensory  and  motor  deficits. 
Expoewes  wereestinaledLto  be  500  to  2,500  ppm. 
M(lfB^*bitty!  iaelone:(MNKO  was  shown  to  pn>- 
cioywrennlarjmuiDpady.^ 

Hexane  is  tenitlyabanbed  and  has  an  affinity  for 
iatOfTtmuek.  An  extensive  research  program  in  both 
aninaisaad  23‘hexanedione  as  a 

coniiinai  nirtaboiiteiifiiotfar>-hexaneandMNBK,and 
thisiinctabaGke3S.belieMd  to  be  reqpoitsibie  for  the 
neiuolOKidty:*  23^Hexaoedione  was  abo  shown  to 
prndiaii  i  neiiinylhy  in  animala  tiwit  was  identical  to 
that  pmdnredmbaitams  by  n-hexane  and  MNBK.^ 
Tfe-AmericacCbnfererKe  of  Goverranent  Indus- 
tnaIIIygienisis(ACGIH)hasrecorninetkledaThresh- 
aid’Iimit  Vdw^OIIV)  cf  50  ppm  (176  mg/n^  for 

■  am  iaarorfr  are  MKfaki  hitler.'  The  current  Oocupa- 
tionai  *iafrtjr  tnrfHealtir  Admhiisttation  (06HA)per* 
TniiiiiiMf  expoaaze.-liiiat  (PEU  foOows  the  ACCSH 
giiiriT  SOppmforn  iKxai>eand500ppmforinixed 
diexanc  moomei. 


tures  are  derived  from  die  distillation  of  petroieum. 
The  nomenclatures  for  stoddanllike  solvents  indude 
varsol  mineral  spirits,  and  white  spirits.  Althou^ 
these  mixtures  difrer  in  their  distillation  ranges  and 
perfbrinanoe  characteristics,  their  toxicological  prop¬ 
erties  are  similar.  Stoddard  solvents  cause  the  tj'pu^ 
hydrocarbon-solvent  edi^  of  CMS  depression  from 
h^  inhalation  exposures  and  skin  irritation  from 
dermal  exposures.  lnaddition,8catterednpattsinthe 
literature  demonstrate  that  dironic  exposures  to 
Stoddard  solvents  cause  myelotoxic  effects  and  liver 
toxidty.*  Both  the  ACX3HTLV  and  06HA  PEL  for 
stoddud  solvent  is  100  ppm  (525  mg/tn^.^^ 
Kerosene.  KerooeneisainixtureofpctioleDmhy- 
drocaibons  with  carbon  chain  lengths  of  9  to  16  units, 
sldioagh  its  ooaqrosition  varies  widi  the  source  of 
crude  oil  and  the  refining  tnediods.  Otiteroonunon 
names  for  kerosene  indtide  astral  oil,  coal  oil  and  Na 
1  fud  (»L  Typical  oonstitnents  of  kerosene  indude 
mixtures  of  alipfaatk;  naphthenic;  and  aronuttic  hy¬ 
drocarbons.  Regardlessofitsiuaneandexactcompo- 
siiion,  kerosene  has  a  idativriy  low  acute  systemic 

tiie  liquid  directly  enters  tbe  tiadiea  and  hongs  or  is 
aspirated  from  the:  stomach.  kfiOiliter  quantities  of 
kerosene  can  cause  pneumonitis,-, puhnonary  edema, 
hemonhage;  and  necrosis.  OtheEpetrolemn-derived 
sdvents  pose  a  snnllsr  threat*  Dermal  exposure  to 
kerosene  has  abo  been  shown  to  cause  skin  iirilationr 
and  inhabtion  exposures  may/cause  bone  marrow 
depression,  altl>oo^tfaelalterie^>onsemaybedueto 
contaminsthmoftiieketosenewitfafaerteenefdiscosied 
bter  in  thb  chapter).*  ILV  and  PEL  Values  have  not 
been  establisbed  for  kerosene. 
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TABLE  U-I 

Toxiary  of  representative  solvents 


Sotvenf 

Toiddly 

Rating* 

Tuget  Organ  or  Effect  of 

Chronic  Toxldty 

WOE* 

TLV 

(ppm) 

PEL 

Aliphatk  Hydrocarbons 

n-Hex3ite 

2-1 

neurotoxk;  testicular  atrofdiy 

UE 

50 

50 

Kerosene 

3 

pneumonitis,  edema 

NE 

— 

— 

VMAPnaphtlu 

2 

CMS  depression,  skin  iiritatton 

NE 

100 

— 

Stoddard  solvent 

1 

— 

— 

— 

— 

Aromatic  Hydrocarbons 

Benzene 

3 

CNS,  ajdastic  anemia,  leukemia 

A 

10 

— 

Toluene 

3 

CNS  depressant,  dermal  irritant 

D 

100 

100 

Cresol 

2 

cancer,  dermal  irritaid 

C 

5 

— 

Phenol 

3 

devdopmental  toxicity 

D 

5 

— 

Xylene 

2 

liver 

D 

100 

100 

Chlorohydrocarbons 

l^-Didiloroethane 

2 

circulatory  system 

B2 

200 

100 

Trichloroethylene 

3 

lung,  liver 

B2 

50 

50 

Caibon  tetrachloride 

3 

liver 

B2 

5 

2 

Peidiloredtylene 

3 

liver,Mood 

B2 

50 

2S 

Methylene  chloride 
Fluorocarbons 

htng,Uver 

B2 

50 

Ckhlorodifluoromethane 

t 

hmg,  liver 

NE 

— 

— 

Tridilorofhioroethane 

2-; 

— 

— 

Trichlorotrifluoroethane 

1 

— 

—a 

... 

Odoropentafluoroethane 

2-1 

— 

— 

— 

— 

Bromochloro- 

1 

— 

... 

difluoromethane 

Dibnxnotetrafhioroethane 

2 

— 

— 

Alddtydes  and  Ketones 

Formalddiyde 

3 

irritant,  sensiUzer 

Bl 

030 

075 

Acetone 

2-1 

liver,  kidney  caidtK^tatt 

D 

200 

200 

Methyl  ethyl  ketone 

3 

CNS  neurotoad!!,  fetotoodn 

D 

— 

— 

Methyl  n-tnityl  ketone 

2 

CMS 

— 

— 

— 

Ctycob 

Ethylene  glyori 

2-1 

liver,  kidney 

NE 

50 

SO 

Propylene  ^ycol 

2-1 

kidncy.blo^ 

NE 

— 

— 

Oycotahers 

Ethyleneglycol 
monotnediyl  ether 

2 

toxic  eiKephalopathy, 
bone>tnarrow  depresaioo 

NE 

5 

5 

Ethylene  gly^ 
monoethyl  edter 

2 

testicular  atrophy 

NE 

5 

5 

*ro3dcitY  Rating:  aqualitatiyetankingoftMtnpowKitoridtyicattgortaaraff  fiowil  k>3. 1:  lowor«li^M;2:  aMKlcme;3;  fmfc.So(tice 
«>{  nliag:Sax  ^q.  Ongmw  PircfKrtie*  (f  Mastnaf  Aiitmab.  Mfccd.  New  Yoric  Van  Noattand  RcinhoU: 

height  of  Evidmer:  a«tuahtativ<rtaatif!catiowofB>epolentUlfecac(iwi|w>ii>iltoppdu«ca«c«riiih>tmaiia(dwftloptJbyti>eEPA> 
A:  HttiancaioiKyH  (band  on  stdficitrtfafeonationfrotft  tpicliwiiol^itudnaloaMppcirt  a  causal  wtotioattMp) 

BI:  PrabaUekuiMncaiciiiogcnCbaMdtmMfficictilinfonnatioaframaniCBaltiudieaandiiaftitadinfoniiaiionfrotnhuinancpidaRi- 
oiogy  stndUct) 

B2;  Probab>fh»Mr  in  ctTcinogien(baatdca»uffkaCTtittform»t>onfrrmaniin«l$tu4k»,  but  evidence  of  carcinogtnkJty  tehum«n»b 
inadeipiale) 

C  PotaMeimaaRcardMgcnibBaad  on  famltedfaifonMtwaifmnanifiMl  (todies) 

O:  Cannot  be  daMiSad 
E  No  evidence  of  cardntftnidly  in  bomaaa 
UE:  Conyound  i»«ndeq|oiag  evaluation  tee  qfcmogenidty 
NE:  Cbnyound  hat  not  bean  evaluated  foe  to  potentialhutnaB  carcinogenicity 
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Aromatic  HydrocarboHS 

Aromatic  hydrocarbons  containing  an  imsaturated 
six  satbon  ling  structure  are  used  extensively  and  are 
toxk  to  multiple  organ  systems.  These  solvents  are 
primary  skin  irritants,  due  to  their  defatting  proper¬ 
ties,  attd  their  vapors  are  irritating  to  dte  mucous 
membranes  and  airways.  Systemically,  aromatic  hy¬ 
drocarbons  are  CNS  depressants,  and  several  of  these 
compourtds  have  toxic  actions  on  other  target  CKgans. 
Aromatic  hydrocarbons  are  important  in  the  produc¬ 
tion  of  pla^ics  and  rubber  products,  and  are  used  in 
some  paints.* 

BcMzate.  Benzene  is  the  most  toxic  member  of  this 
group.  It  is  a  comiiton  ingredient  in  paitd  and  varnish 
icmovers  and  paint  thiiuiers  as  wdl  as  a  oontamhunt 
of  many  of  the  petroleum-based  scrfvents.  In  addition 
to  its  G^IS-deptessing  actions,  duonic  exposure  to 
benzene  suppresses  the  hematopoietic  i^sti^  Acute 
and  chronic  lymphocytic  leukemias  and  aplastic 
anemia  (which  has  a  mortality  rate  of  70%  over  a 
5-y  period)  have  been  assodat^  with  worker  expo- 
sures.^*Epidentiological  studies  have  also  iorplicated 
benzene  as  a  cause  of  acute  mydcgertous  leukemia. 
The  medumisms  aird  etiology  of  chronic  lymphocytic 
leukemia  and  aplastic  anemia  have  not  been  desoftied; 
however,tlveyappeartobemitiatod  by  an  unidentified 
metabolite  oif  botzene.^  Qitucally,  chronic  benzeite 
exposurcshavebeenassodatedwithdeareasednum- 
bmof  circulating  erythrocytes  arid  leukocytes,  condi¬ 
tions  whidi  may  be  an  early  indkafion  of  benzerte 
toxidty.’The  ACXjIHTLV  for  benzene  K  currently  10 
ppm;  however,  the  ACZGIH  has  proposed  lowering 
this  value  to  0.1  ppm.^  The  OWiA  1^  for  benzene 
bI  ppm.* 

AUoflBenzate.  The  alkyl  betasenes  include  tofiUTir 
(methylbenzene),  the  xyknes  (ortho,  meta,  and  para 
isomers  of  dimethyl  beitzene),  arki  thecnsofs  (mono- 
methylphenok).  Theeviderce&omstudiesdrmewith 
aninuds  suggests  that  this  group  of  solvextts  does  rtot 
have  the  hematrqxMetic  toxidty  foat  is  diaracterfstk 
ofbenzene.  The  acute  and  dutmicefiects  of  tohieite 
ate  CMS  depression  and  dermal  ^ritation.**  The  xy¬ 
lenes  are  abo  CMS  depressants;  Ae  most  common 
symptoms  reported  ftom  occripetkmal  exposures 
are  headache,  fatigue,  lasritude,  irritability,  and  gas- 
tiDiittejHnal  disturbaiKCS.*  Cresol  ii  a  stn^  der^ 
irritant  with  systemic  effects  cn  the  kidiUTS  and 
liven  its  toxidty  is  similar  to  dut  of  phenol  For 
work-pIa..e  exposures  to  tr^uene  and  xylene,  the 
ACGIH  TLVs  ard  OSKA  PELS  are  1 00  ppm;  for  cresol 
both  values  are  5  ppm.*** 


HalogenaUd  Hydrocarbons 

These  solvents  are  composed  of  carbott,  hydrogen, 
aid  a  halogen  (usually  chlorine  or  fluoriive),  aid  can 
be  divided  into  the  simple  dilorohydrocarbons  aid 
thedilorofluorocaibons.  Thesimpledtlorc^ydrocaib- 
ons  contain  chlorine  as  the  only  halogen  moiety  aid 
are  excellent  solvents  for  oik,  fats,  aid  other  oigaiuc 
compouids.  Simple  ddorohydroeaxbons  are  often 
usedinbothvapOTaidoold-dipdegreasing.  Theyaie 
also  used  extemhrdy  in  paint  removers,  solvents,  aid 
thiimeis. 

The  most  common  acute  toxic  effed  of  the  sim^ 
diksc^ydrocarbons  is  CNS  depression;  high  expo¬ 
sures  may  cause  respiratory  defvesrion  or  drculat^ 
fidure  rating  in  death.  The  vapors  of  the  simple 
chloiohydrocatbons  are  not  eqsedaQy  irritating  to  die 
upperanway5,but  repeated  stoexposuresmaycause 
dermatitis  due  to  their  defatting  actions.^ 

The  advent  methylene  diloride  (didhloromethane) 
has  a  unique  toxic  action  of  udiidi  occupational  health 
professionals  should  be  aware.  This  very  volatile 
ddorohydrocaibon  is  widely  used  in  paints,  paint 
strippers,  degreasti^  operations,  aid  as  an  aerosol 
propdlant.  In  addition  to  the  ty^iical  CMS  depression, 
i»ei%Iene  chloride  has  abo  bm  fouid  to  be  rapidly 
metabdized  to  carbon  monoxde.  Short  exposures  to 
levds  of  tlus  sd  vent  havebcen  shown  toproduoe 
catbox)diemogk)binlevdsoverIO%.  Thbcouldhave 
a  significant  adverse  health  efi^  in  winkers  with 
existing  cardiovascular  disease.* 

With  duonic  exposures,  many  of  the  chlorinated 
hydiocaibonsaTeh^totoxiccausingbodi  fatty  infil- 
tiation  and  necrosb.  Carbon  tetxadtioride,  diloto- 
form,  aid  1,1,2-tiichloroethane  are  abo  toxic  to  the 
kidneys;  however,  the  other  dilordiydrocarbons  do 
not  share  this  effect^  Anumberofchlorinatedsdv- 
ents  have  been  demonstrated  to  cause  cancer  in  labo¬ 
ratory  anixnab  (see  Table  13-2).  Dieqiite  extensive 
data  fiom  studies  on  animab  that  iidicate  poten- 
tid  caicmogenicHy,  however,  evidence  froin  e^dem- 
idogical  studies  on  humans  has  been  incondusive. 
I?ataon%vt>rfcerexpo5urestotrkhloiet2iyiene,fiuon>- 
catbons,  aid  meth^ene  chloride  have  an  been  nega¬ 
tive.* 

One  further  concern  b  the  potential  toxidry  of  the 
thermal  decompodtion  products  of  hakgenaled  1^- 
drocaibons.  Ath^tempentuies,thechkxohydro- 
cubons  decompose  to  hydrogen  diloride  and  phos¬ 
gene.  Toxic  leids  of  th^  hazardous  gases  can  be 
produced  durn^  weJdii^  dictations  in  aimespheres 
of  chloriiuted  h^rocaibon  solvents.” 
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The  chlorofluorocaibons  contain  both  chlorineand 
fluorine  as  the  halogen  moiety  and  are  used  e)cten- 
sively  in  the  militaiy  as  precision  deaners  for  elec¬ 
tronic  components  sund  in  vapcr  degreasing.  Their 
nonsolventuses  are  discussed  separatdy  in  flosdapter. 

Aldehydes  MHd  Ketones 

Although  alddiydes  and  ketones  are  grouped  to¬ 
gether  based  on  their  chemical  structures,  t^  are 
used  for  distinctly  different  purposes.  Thenoatcom' 
mon  aldehyde,  formaldehyde,  is  used  in  adbesoes, 
industrial  coatings,  and  in  the  production  of  certain 
dyes.  The  ketones  are  wkldyu^  as  solvents. 

Aldehydes  and  ketones  also  have  somewhat  difier- 
ent  toxicological  effects.  Fotmalddiyde  is  a  potest 
skin  and  eye  irritant  and  a  weU-known  sen$tti»r: 
Allergic  re^xmses  are  commonly  seen  in  persons  who 
come  in  contact  widi  formaldehyde.  Studies  %vtth 
animalsalsoshowthatinhalationoflSppmoffonn- 
alddtyde  produces  cardnotnas  in  the  nasai  cavities  of 
rats.'  Thecommon  ketones  indudingacetone.methyl 
ethyl  ketone  (MEtO,  and  methyl  isopiq?^  ketone 
(MQ^  are  also  irritants  to  theeyes  and  mucous  mem¬ 
branes.  At  high  concentratkms,  ketones  are  CN5  de¬ 
pressants.  MNBiC  is  nniqu^iieurotoxk,  as  was  dis¬ 
cussed  previoudy. 

The  potential  health  eflecis  dot  distiagr^  the 
aldehydes  fooro  the  ketones  are  also  Aexatiomiefor 
the  difforetKCS  in  their  spotuielinifes.  TheAQSSi 
TLV  for  foimafddrydeisl'ppm.bat  tins  vakiemaybe 
reduced  to  03  ppm."  OSHAhasestablisfaedaPELof 
1  ppin,witha2ppmoeiZaignit(e,andisakocoRsid«i^ 
inga  teducHcnUceiling  valneisaaenpeHDefaved  ihae 
cannot  be  exceeded  at  any  time  dtnn^  as'S-^Bisr 
workday).  Both  the  AOGlHTLVasulOSiAEELsie 
5  ppm  for  MNBK  and  29B  immforMBCand  KHPKP 

GftfCoUemd  Glyeol  EUrnr 

Glycob  and  glycol  etheo(ii&riabothtfaerd^»e 
and  dteir  meduninns  of:taxk%;atttottgh  theyaK 
usually  grouped  together  by  virtue  of  dr^ehendcrij 
structures.  Thetwoaieatmiiwf  iUftiently.  Giycrih’ 
areuacdcommoo^asiai— ill  niiw  atii  fu  iiitaxiiUii- 
loeeandodluloseaoefb.  ■ri'wthe  fndiKtkwofphar- 
maoeutkak  Theg)ya)ti<—"iie  iimf  extowiveiyjs 
solvents  forlaoyfirs.^>riiaiwr.  rninw,  d^^reiyand  inks. 

Glycols  havekwvapBrpnaneesmddkmot  present 
a  signifiant  inhalatiarhwattl  tmlear  ftey  are  heated 
craerosdized.  However;,  ethylene  giycafeiaa  greater 
oral  iOxidty  in  humans  thawhiwfauuKiBnunjtratcd  in 
odter  mammalian  swedes.  The  jramaty  toxic  action 


associated  with  ethylene  glycol  is  metabolic  acidosis, 
which  is  caused  by  its  metabolite  glycolic  add.  Cal- 
dum  oxalate, another  metabolicby^oduct  of  ethylene 
glycol  tends  to  accumulate  in  the  proximal  renal  tu¬ 
bules  and  causes  necrosis  and  fui^onai  dianges  in 
thekidneys.'’ 

The  glycol  ethers  indude  ethylene  glycol  mono- 
mettyl  edwr(EM),  ethylene  glycol  monoethyl  ether 
(£E),aidihepnifyIeneserie$ciglycotethers.  While 
they  me  not  aartdy  toxic  when  ingested  or  inhaled, 
dieysBwea  nai^  reproductive  toxidty:  testicular 
atrophy  and  heiiiatnliogical  effects  were  found  when 
animak  wrie  srirnaiitfiiri  EM  and  EE  by  various 
routes.  Thepropyieaeserfes  of  glycol  ethers  does  not 

Dueto  these  lawicgfliBctsiJteACGIH  recently  low¬ 
ered  theTLY  fwEMaadl^carrent  tecomnwnda- 
tionsaie5i)}a]i.'TIir091AF&s  for  these  stdvents 
aieako^ppm.* 


Two  oftheenuytxutialsusedin  vapor  degreasing 
opetatioware  contfamert  .wd  local  echaust  ventila¬ 
tors,  abbon^  .etfaer  oontnls  may  be  designed  for 
other  operdionsthabreqiifeesoivents.  Properly  de¬ 
signed  vapecdegrLiiwgiiMie  iie  equipped  with  con- 
dencers  ttesurTD«Bct'&emnk,.whkh  minimize  the 

oftfaewnritplary.Aliafth— mnitsshouldbeequypcd 
wilhtlieunmtagc  i:i,wlirii>mounted  above  the  normal 
vapor  level  wiidt  wflTiAatKrff  the  heat  source  if  the 
vapcesiweabcvetiwcauiBiBng  surface,  Localexhaust 
venilatiop  coimals  taiy  ir  necessary  depending  on 
Uietypeo£jB<aaidiwi;.qacwith  the»controls,open 
flames,  eiectririnatingrfiBments,  and  wdding  opera- 
tfousMBatnothclocamijeara  degreaser.^ 

Vapor  dg^easersakoaupuie  poiodic  deaning  to 
lemcvetheahidgeaadmefal  diips  that  have  accumu¬ 
lated  at  thebottom  ofianks.  This  requires  that  the 
solvent  be  difeilled  off-until  the  heating  surface  is 
nearly  exposed.  TheunLis  then  allowed  to  cool  and 
the  dudge  and  remaining  solvent  are  drained  oH. 
Pcrsoiind  whoeMera  degreasing  tank  topeifonn  Utis 
operation  should  wear  respiratwy  prot^ve  equip¬ 
ment  and  a  lifeline  that  is  hdd  by  an  attendant^ 

The  exposttte  oontiob  for  edd-dip  degreasing  and 
predskm  deaning  (operations  are  mudi  1^  extensive. 
Lids  should  be  provided  for  the  dip  tanks  to  minimize 
evaporation  of  the  sot^^ent  Personal  protectiveequtp- 
ment  (PPE)  such  as  a  faceshield  and  gloves  must 
wont  to  prevatt  the  solvent  from  coming  in  contact 
wHh  foe  sldn  end  eyes. 
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FLUOROCARBONS 


The  fiist  fluorocarbon,  carbon  tetrafluoride,  was 
isolated  in  1926.“  Althoughnosuchcompoundoccurs 
in  nature,  ruimerous  additional  fluorocarbons  have 
been  synthesized  in  substantial  quantities  since  the 
1940s.  Coqunerdal  interest  in  fluorocarbom  centered 
around  flieir  chemical  and  thermal  stability  and  led  to 
theirextensi  veuseas  aerosol  propellants,  reflu;erants, 
plastic  foaming  agents,  heat*exdiange  agents,  and  sol¬ 
vents;  as  propellants  for  therapeutic  agents  and 
antiasthmaticdrugs;andasgeneralanesthetics.  Bythe 
mid-1970s,  production  of  tliese  chemicals— originally 
considered  to  be  inert  refrigerants— had  exceeded  2 
billion  pounds,  most  of  whidi  was  released  eventually 
into  the  environment.^ 

nuorocarbons  can  be  divided  into  the  fully  haloge- 
nated  (norrhydrogenated)  and  flie  hydrogenated  spe¬ 
cies.  A  further  subdivision  of  these  two  groups— into 
thedilorinatedandnondiiorinatedspedes—isTWoes- 
sary  to  urtderstarKl  the  significance  that  these  dwmkal 
structures  have  in  the  current  depletion  of  the  eaifli's 
ozone  layer  CTable  13-3).  This  process  involves  the 
nonhydrogeruted  fluorocarbons,  which  are  the  more 
stable  artd  therefore  have  the  greater  probability  of 
reaching  the  ozone  layer.  Of  the  rurnhydrogertated 
species,  the  chlorinated  fluorocarbons  are  postulated 
to  be  the  most  detrimental 


TABLE  13-3 

REPRESENTATIVE  FLUOROCARBONS 


Type 

Formola 

Nonhydrogauted 

Odorirut^ 

Diddorodifluoromethane 

CQjFj 

Tridilorofluoioinethane 

CQjF 

NoruMonnated 

Octafluorocydobotone 

C4FS 

Dibromotetrafluoroethane 

C2F|Br2 

Hydrogenated 

Odor^ted 

Chlorodifluofomethane 

CHOFj 

Chlorodifluoroethane 

CHj-COF, 

Nonddormated 

Difluoromethane 

CHjFj 

Trifluoroethane 

CHjCF, 

The  fluorocarbons  are  similar  in  composition  to  the 
chlorinated  hydrocarbons,  with  the  addition  of  a  fluo¬ 
rine  moiety.  Nunrerous  possible  moiety  combirutions 
of  carbon  with  hydrogen,  fluorme,  bromine,  and  chlo¬ 
rine  have  been  prepared  with  the  aliphatic  hydrocar- 
bonseries.  The  fluorocarbons  are  usually  clear,  color¬ 
less,  highly  volatile  liquids  with  a  mild,  somewhat 
ethereal  odor.  They  are  nonflammable,  have  high 
density,  low  viscosity,  low  surface  tension,  low  toxic¬ 
ity,  and  are  very  stable. 

Fluorocarbons  do  not  react  with  nK>st  nretals  at 
temperatures  below  200X,  or  with  rrtost  adds  or  oxi- 
dizingagents.  However,  under  unusualdrcumstances, 
they  can  be  made  to  react  with  highly  reactive  metals; 
for  example,  trichlorofluoromethane  (CFC-ll)  reacts 
with  concentrated  sulfuric  add  and  sulfm-  trioxide  at 
room  temperature. 

With  fm  exceptions,  the  fluorocarbons  are  rela¬ 
tively  inert  to  dieinical  reactions  on  earth  artd  in  the 
lower  atmosphere.  When  compared  to  other  haloge- 
nated  compounds,  the  hydrolysis  rates  for  the  fluoro¬ 
carbons  are  quite  low,  although  there  is  cottsiderable 
variation  within  the  group.  At  atmospheric  pressure, 
the  rateof  hydrolysis  is  toolow  tobe  rtteasured  by  most 
anal3rtical  methods.  This  low  rate  of  hydroly^  pre¬ 
vents  the  fluorocarbons  from  degrading  in  the  tropo¬ 
sphere.”  However,itistheirinherentstabUity — whidi 
allows  them  to  migrate,  intact,  as  high  as  the  strato¬ 
sphere — that  is  the  source  of  concern  surrounding  the 
depletion  of  the  ozone  layer.  Through  photodegrada- 
tkm  and  free-radical  reactions,  chlorofluorocaubons 
providea  largereservoir  of  free  dvlorineatoms,  which 
then  catalyze  the  destruction  vJ  ozone: 


chlorine  atom  to  continue  to  react,  thus  destntying 
thousandsofmoleculesof  ozone.  Muchofthereseaudi 
done  on  this  problem  is,  of  necessity,  theoretical;  fur¬ 
thermore,  the  contribution  thatfreedilorinefromnatii- 
ral  sources  might  make  to  this  process  is  neither  well 
documented  nor  well  undeist^.  However,  suffi- 
dentdataexistfortheintemationalsdentificcommu- 
nity  to  call  for  a  ban  on  the  Tekr**e  of  chlorofluorocar- 
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bons  into  the  environment.  The  nonchlorinated  fluo¬ 
rocarbons  are  more  stable,  arc  not  sources  of  flee 
chlorine,  atwl  are  therefore  not  of  such  envirorurtental 
concerru 

Ciimnt  Status  of  Ozone-Depleting  Substances 

The  Montreal  Protocol,  an  interrutional  agreement 
to  limit  the  release  arul  production  of  ozone-depleting 
substarures,  was  sigtted  in  September  1987.”  This 
agreement,  ratified  by  the  US.  Senate,  becarrre  effec¬ 
tive  in  January  1989;  it  stringently  restricts  the  intona- 
tional  production  attd  use  of  chlorofluorocarbons  and 
halons  (a  trademailied  nanre  for  several  tetraflumo- 
ethylene  polymers)  (Exhibit  13-1).  A  DoD  Directive 
(DoDI)  issued  on  13  February  1989 clarified  thearmy's 
position  concerning  specific  diknofluotocarbons  and 
halons  (Table  13-4).”  This  directive  afliects  all  DoD 
components,  establishes  policy,  artd  assigtrs  the  re- 
sponsil^tyfor 

•  martaging  the  productkm  of  chlorofluorocar- 
bons  and  halons, 

•  identifying  chlorcfluorocarbon  artd  halon  ap¬ 
plications  and  prioritizing  their  uses. 


EXHIBIT  13-1 

CFC  AND  HALON  RESTRICTIONS  OF  THE 

MONTREAL  PROTOCOL 

Year  of 

Rcstrictioa 

Accompliahmcnt 

Freezing  of  CPC  consumption 
at  1986  levels* 

1989 

Freezing  of  halon  consumption 
at  1966  levels 

1992 

Further  reduce  CPC  consumption 
by  20%+ 

Furflier  reduce  CPC  consumption 
by  30%t 

1993 

1996 

*R(pmcntii  an  initial  reduction  of  approximately’  15% 
'htedund  from  1966  level 
iKeducedftOb.  1993  level 

Source:  Treats  Document  100-10.  December  21,  1967. 
MontnalpTotiicolonSiibrlancrsThatDrpletelhfOtaiielayer. 
Done  at  Montreal  on  September  1b,  1967,  to  the  Vienna 
Convention  for  the  Protection  of  the  OioneLayrer.  Ratified 
by  the  US  Senate  March  14, 1968.  A  cq>y  of  the  treaty 
dement  may  be  obtained  from  the  libf^  of  COngrcM, 
Washington,  DC. 


TABLE  13-4 

CFC6  AND  HALONS  AFFECTED  BY  THE  DoD 
DIRECTIVE  AS  OF  AUGUST  1968 


Ozone 

Deplcter 

Formula 

Chemical  Name 

CPC-11 

CQaF 

Trichlorofluoromethane 

CFC-12 

ca^ 

Diddorodifluoromethane 

CPC.113 

CjOaF, 

Tridilorotrifluoroethane 

CPC-114 

CzOA 

Oidilorotetrafluoroethane 

CPC-115 

CjOFs 

Chloiopentafluoroethane 

Halon  1211* 

CBtCIFz 

Bromoddorodifluoromethane 

Halon  1301* 

CBrF, 

Branotrifluoromethane 

Halon  2402* 

Oibromotetrafluoroethane 

*Registered  trademark  of  Allied  Chemica]  Cocpocabon. 

Soitfce- US  Department  of  Defense.  Cklon^uorocerioKS  fCfCtlaitd 
Hatens.  Washfogton,  DO  DoD;  1969.  DoD  Directive  6C50.9. 


•  identifying  a  long-term  process  to  decrease  die 
Odd's  depeiKlettce  on  diloioSuotocaibons  arid 
halons, 

•  developing  research  and  development  pro- 
g'ams  to  produce  or  evaluate  suitable  su^- 
tutes  for  chlorofluorocarbons  artd  halons,  and 

•  designing  a  traddng  system  to  document  the 
DoIYs  annual  requirements  for  chlorofluoro- 
caibons  and  halons. 

Both  the  Montreal  Protocol  and  the  DoDl  win  sub¬ 
stantially  aff^  the  use  of  dtlon^uorocarbcms  and 
halons  in  the  near  future.  The  phased-in  restrictions 
should  result  in  a  reduction  of  QO  by  over  60%,  as 
measured  from  1989  consumption  lev^ 

The  effects  of  com^diance  will  be  at  least  dtese  two: 

(1 )  the  use  of  present  compounds  will  be  curtailed,  and 

(2)  replacement  chemksb  will  enter  the  Dud's  sup]% 
channds.  Unfortunateiy,replaceinentcheinicalshave 
tH)t  yet  been  designated  and  therefore  caruiot  be  dis¬ 
cus^  in  this  chapter,  but  the  seardi  for  refdacement 
dtemicals  will  obviously  center  around  the  hydroge- 
ruted  nondihninated  compounds. 

The  mandated  phaseoutof  the  chlorofluorocarbons 
and  halons  has  generated  tremendous  interest  in  de- 
vdoping  replacement  chemicals.  However,  current 
research  appears  to  be  driven  more  by  the  need  to  And 
and  produce  diezdcals  that  are  environmentally  safe 
rathCT  than  physiologically  nontoxic  Occupational 
healflipiofessionalsmaysoonfindfliemsdvesoonfront- 
tng  new  replacement  dieoiicals  flat  ate  accompanied 
by  little  or  no  medical  or  toxicological  informafloti. 
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Chilian  and  Indnsliial  Expontte* 

The  fluorocarbons  and  hakms  are  used  as  Tefriger- 
ants,  pcdjrmor  intermediates,  propellants,  anestheto. 
Are  extinguishers,  foam^Iowing  agents,  dry-deaning 
agents,  and  as  degreasing  solvents  in  the  dectronics 
industry.  Workerswhoproduceaitdpackagefluoro- 
carbons  are  at  highest  risk  of  exposure  to  high  concen¬ 
trations  of  these  dremicals,  but  significant  exposures 
also  occur  when  fluorocarbons  are  used  as  solvents  or 
deairets.  Becat<sefiuorocarbonsdi^)erserafrid]y  when 
rdeased,  only  minimal  exposure  appears  to  occur 
from  their  use  as  refrigerants  and  propellants.  How¬ 
ever,  recent  uses  of  fire  extinguishers  to  protect  com¬ 
puter  and  dectronic  areas  have  created  the  potential 
for  short-term,  high-coiKxntration  exposures  when 
large  volumes  of  the  material  are  rdeased  in  confined 
spaces.  Chronic  occupational  exposure  to  ho^tal 
operating-room  personnd  from  die  use  of  anesthetic 
gases  is  also  s^iiificant 

hOlitarily  Unique  Exposures 

In  addition  to  the  civilian  and  industrial  uses  al¬ 
ready  discussed,  fluorocarbon  use  in  dte  miUtary  in- 
dudesqwdalizedappbcatioftssudiastheuseofCPC' 
1 14  for  submarine  r^geration  to  dimiiute  vibration 
that  might  lead  to  detection  by  the  enemy.  Hakinl21I 
and  Halon  1301  are  used  to  suppress  fires  in  die  crew 
compartments  of  tactical  vehi^,  aircraft,  shipboard 
^sterns,  and  in  command,  contrd,  and  oonuntmica- 
don  centers  (see  Chapter  6.  Healdi  Hazard  Assess¬ 
ments).  Significant  amounts  of  these  materials  are 
used  by  DoD  workers.  Based  on  1966  production 
figures,  theDoDprocured  just  under35%  of  the  United 
States'stotal  production  of  HaIon121I,approximatdy 
6%  of  Kakm  1301,  and  just  under  5%  of  die  total 
production  of  the  regulat^dilorofluorocaibons.** 

Fluorocarbons,  as  they  are  used  in  submarines  and 
other  tactical  vehicles,  expose  military  persotuid  to 
harardous  situations  not  usually  encountered  t^dvD- 
ians:  ^ledalized  weapons  systems  ate  used  in  essen¬ 
tially  dosed  environments.  Mihtarypefsonndaienot 
always  able  to  simply  leave  a  contamiiuted  environ¬ 
ment;  dieir  duties  nuy  oblige  diem  to  stay  and  man 
their  equipment,  dierdiy  exposing  them  to  higher 
concentrations  for  longer  times  than  may  be  typical  in 
the  civilian  community. 

For  acarnffle,  the  crew  of  an  M60A3  tank  can  be 
exposed  to  Halon  1301  if  the  tank's  automatic  fire 
extinguishing  system  is  activated  durii^  a  system 
malftoKtion  or  an  actual  fire.  In  eitiier  situation,  the 
crew  could  be  exposed  to  oxygen  deficiency,  the  toxk 


effects  of  Halon  1301  itsdf,  or  the  toxic  eftects  of  the 
decomposition  products  Halon  1301: 

The  discharge  of  four7-poiind  (net  weight)  bottles  of 
Hakm  1 301  into  the  dos^,  iinvcntilated  M60A3  crew 
oompaitment  (estimated  volume  1Z7  m)  would  be 
expeited  to  initially  depress  the  oxygen  concentra¬ 
tion  in  the  crew  compartment  to  an  aven^  value  of 
17.5  percent  This  figure  is  based  on  the  assunqrtion 
diat  the  discharged  Halon  disf^aoes  onew-oompart- 
ment  air  with  nearly  100  percent  effidency 
....(Mlinimum  oxygen  concentrations  at  various 
locations.  ..range from  about  13  percent  to  19  percent, 
with  the  lowest  concentrations  oocurring  near  floor 
level  Exposure  to  oxygen  concentrations  in  the  13  to 
16  percent  range  can  cause  increased  breathing  and 
pulse  rate,  and  slight  impairment  of  concentration 
and  muscular  coofdirution. 

(The  toxic]  eftects  of  exposure  to  Halon  1301  concen¬ 
trations  in  the  7  to  20  percent  range  are  varying 
dcgreesofcentra!  nervous  system  depression.  Expo- 
sores  in  the7tol0peroent  rar^cause  mild  anesth^ 
eftiects  inciudiiig  dizziness  a^  tingling  of  die  ex¬ 
tremities.  Expowires  to  concentrations  above  10  per- 
cent  are  usuj^  accompanied  by  pronounced  dtezi- 
ness,  and  reduced  pl^skal  dexterity  and  mental 
acuity. 

Halon  1301  decomposes  upon  exposuretoflame.  The 
decomposition  products  (hydrogen  fluoride,  hydro¬ 
gen  brotnide.  free  bfcxnine,  and  phosgene  anakytes) 
are  severdy  initating  (even  at  low  concentrations)  to 
die  eyes  and  the  respiratory  tract....Thetefore,  the 
occurrence  of  any  crew-compartment  fire  during 
training  necessitates  immediate  evacuation  of  die 
M60A3.'^-^ 

It  is  the  risk  of  exposure  to  the  decomposition  piod- 
uctsof  halon  fire-extii^Uishingagentswiduneiidosed 
spaces  that  is  die  immediate  hazard  to  die  crew  (Table 
13-5).  These  decomposition  products  are  aB  signifi¬ 
cantly  more  toxic  dun  their  parent  compounds;  even 
at  low  concentrations,  they  are  severdty  irritatii^  to 
the  eyes  and  re^iiratoty  tract  As  die  intensity  of  the 
fire  increases,  die  concentration  of  die  toxic  byprod¬ 
ucts  abo  increases;  in  endosed  spaces,  halon  deoooi- 
position  products  can  reach  extremely  toxic  concen¬ 
trations. 

riutaiacological  Effeds 

Aldwu^  they  are  rdadvdy  nontoxk;  numerous 
fluorocarbon  injuries  have  oocutied.  Thebanonfluo- 
tocatbon  propdlant  use  has  already  substantially  re¬ 
duced  Innnan  exposure^  but  the  (jonsuma-  Ffoduct 
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TABLE  13-5 

EXPOSURE  LIMITS  FOR  COMBUSTION  AND 
DECOMPOSITION  PRODUCTS  OF 
COMMON  HALONS 


Pradtict 

Expotue 

linit*(ppiB)  Typeafliait 

HBr 

3.0 

Ceiling* 

HO 

5J) 

Ceiling 

HF 

3.0 

Oiling 

Bri 

03 

SIELt 

Or 

IJO 

SIEL 

F2 

2ja 

SIEL 

CCWr^  (Carbonyl  bromide) 

0.1* 

— 

COa2(Fhosgene) 

0-t 

8-Hour 

CCX^2  (Carbonyl  fluoride) 

5ja 

SIEL 

*An  ftpoMirf  limits,  except  carboityi  branide,  established  by 
ACCIM 

'^Ceiling:  the  sahie  above  which  roncewtrations  must  never  nse 

^STEL:  short  term  exposure  limit 

$No  value  established  ((dxHgene  value  assumed) 

Source:  US  Department  of  the  Army.  H<«lr<iHtzanfEt«fiMiiDfi  and 
Test  Support  of  the  Special  Study  of  Hahn  the  Exiingidskmg  Agents. 
Washing  DC  DA:  1985.  TKDM  Project  )-VC-08(HKO-1S). 

Safety  Commission  records  for  1975  {prior  to  any 
propdlant  restrictions)  show  that  5,700  aeiosol-ne- 
bled  injuries  were  treated  inhospitalemeiigency  rooms. 
These  injuries  resulted  horn  ^iraying  (66%),  inhida- 
tkm  and  ingestion  (12%),  fragntenting  of  the  container 
(10%),  and  cold  (3%);  the  causes  of  8%  were  unspeci¬ 
fied  (the  published  data  were  not  rounded  to  100%).** 

AatleEiqtosims 

Fluorocarbons  as  a  class  have  very  low  toxicity  and 
the  predomiiumt  hazard  they  pose  is  from  simple 
a^yxiation.  EarlyinthehistofycrffluorocaTbonuse, 
date  associated  with  exposure  were  usually  attrib¬ 
uted  toasfAyxia,but  suffi^tdata  were  accunnilated 
during  the  late  1960s  and  early  1970s  to  associate 
mortality  with  abuse  of  tesepr^ucts.  In  particular, 
deaths  due  to  propdlant  ‘'sniffing^  warranted  doser 
scrutiny.  The  possibility  of  fluorocarbon  toxicity  and 
abuse  was  iais«i  in  1970 when  the  deaths  of  more  ten 
100  youths  who  had  died  while  sniffing  various  aero¬ 
sol  products  were  investigated.'^Oter  research  led  to 
sintflarfindii^  these  dearly  docurneittedtetfluoro- 
carbons  sensitize  the  myocardium  to  i^inpafltoinl- 
metic  drugs,  which  can  lead  to  severe  cardiac 
arrhythmia  and  deafli  on  subsequent  exposure.  Fur¬ 
ther  experimental  and  epidemiological  data  tend  to 
corroborate  flve  umisual  findii^  that,  unlike  most 


other  sensitization  reactions,the  myocardial  sensitiza¬ 
tion  is  a  transient  occurrence  that  quickly  and  com¬ 
pletely  disappears  if  the  aflected  irrdividual  is  re¬ 
moved  from  contact  with  thediemicaL’^ 

Similar  and  equally  serious  consequences  resulted 
from  the  use  of  presnirized  brondto^tco' aerosols. 
The  origiiud  brondiodilators  were  mixtures  of  thr 
sympathomimetic  drugs  efnnephrine  and  isopro¬ 
terenol,  which  were  aerosdized  by  both  tridiloro- 
fiuoromethane(CPC-11)aiid  dichlorodifluoiDinetlune 
(CPC-12).  Doringthefewyearstetthesebrondio- 
dila  tors  were  used,  physicians  began  to  document  a 
high  iiKidence  of  brondiospasm  and  death.  By  1968, 
sufficient  evidence  had  accumulated  to  ban  the  over- 
the-counter  sale  of  these  devices.* 

As  a  group,  te  fluorocarbons  have  a  low  lipid 
solubintyandarepooriyabsofbedinthefaing.  Oncein 
te  bloodstream  they  are  apparently  not  metabdized 
and  are  slowty  excreted  fluwgh  te  htng,  undianged, 
via  exited  air. 

CkroiacExposttrt 

Because  fluorocarbons  are  rapidly  dissemiiMted  in 
te  environment,  duonic  exposures  are  limited  to 
relatively  few  occupations.  Workers  rdw  manufac¬ 
ture  and  padugeth^  chemicals,  electronics  workers 
who  use  them  as  deaniiig  solvents  on  printed  circuit 
boards,  refrigeration  mechanics,  and  hostel  operat¬ 
ing-room  pmonnel  appear  to  have  te  h^hest  expo- 
surepotentiaL  Federal  woikplaoeexposure  stanch^ 
have  beat  promulgated  for  most  of  te  commercial^ 
important  fiuorocaibons  and  range  horn  100  to  1  AD 

ppm  for  te  entire  series.” 

Curreitt  epidemiological  data  mdkate  tet  no  s%- 
nifleant  hazardsare  invrived  wifli  duonieexposure  to 
most  fhiorocarbonsat  low  concentrations.  Theirtapid 
dissemination  limits  te  possibility  of  high  exposure 
concentrations  in  most  applications.  Soinefluo^and 
chlorofiuorocarbons  are  used  as  anesthetic  gases;  flds 
appears  to  be  te  most  prevalent  route  ^  chronic 
exposure  to  chlocofluorocarbons  (see  also  Chapter  5, 
HealthHazaidstoHealflKareWockers).  ThehancDing 
artd  processir^  of  waste  anesthetic  gases  (as  wdl  as 
their  intended  use)  cause  te  potential  for  daity  expo¬ 
sure  to  operath^  room  personnd.  ^Mdemiological 
studies  of  nurse  anesthetists  and  othg  female  hospital 
personnd  have  indicated  a  oorrdation  between  expo¬ 
sure  to  anesfltetic  gases  and  te  occurretKe  of  cancers 
and  ^xmtaneous  aboroons  in  te  study  population, 
and  congenital  anomalies  in  flreir  infar^  Basedon 
these  flrkhr^  te  Natioiud  Institute  for  Safety  and 
Healfli  (NK)6H)  recommended  sever^  lowering  te 
occupaflonal  standard  for  anestetic  gases  to  Sppm.” 
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Anseaidierwlioperfonnedanextensiveinutage- 
iiid(ystudycmaserie$of21<lifierentdilotofluorocar* 
bomamdudedthatdieyarenotbidogicaQytnert  the 
series  contains  bacterial  tmttagens,  cdHninsfonning 
agents,  and  rodent  caidnogens.  For  dds  series 
compounds  at  least  prokaryotic  mutation  does  not 
aocuiatdy  predict  cattinogenic  potential  ° 

Long-term  carcinogenicity  bioassays  have  been 
completed  in  rats  and  mice  for  the  titree  major  chk>- 
rofluorocaibom:  trichloiofluorofnethane  (CPC*1  l),di- 
dilocoditiuorometbane  (CPC-12},  and  chlorodifhio- 
roinethane(CPC'22).  These  inhalation  studies  ran  for 
KMweeksinratsandTStvedsinmice.  AH  tiveeof  these 
cfiemicals  foiled  to  demonstrate  any  cardnogenkity.^ 

Physical  Effods 

Exposure  to  fluorocaibonssudi  as  Halon  1301  can 
cause  bodi  traumatic  auditory  damage  and  cold  in¬ 
jury.  Military  vriiides  are  foequentiy  equipped  with 
automatic  fire-suppression  systems  that  contain  fluo¬ 
rocarbons  stored  under  very  high  pressures  (750  psO. 
These  systents  rapidly  trigger  whn  tfiey  sense  a  fire 
and  quidJy  flood  the  vdtide.  The  extiemdy  high 
storage  pressures  and  short  response  times  leyiired 
of  the  system  cause  rtoise  kvds  to  be  exoeptioiully 
high:  impulse  nobeievds  greater  than  160  dBF  have 
bm  measured  with  these  systems,  a  levd  suflicient 
to  cause  permanent  auditory  damage-  Furthemnore, 


transitoTy  subzero  temperatures  can  be  produced 
near  the  discharge  nozdes  and  cause  medically  sig¬ 
nificant  cold  injury  to  crew  members  who  are  dow 
to  the  disduuge.  The  Health  Hazard  Assessment  of 
the  M60A3  tai^  found  diat 

During  guiweiy  trainii^  and  M60A3  motion,  crew 
mcmbm  are  likdy  to  be  at  their  normal  stations  and 
are  required  by  US  Army  heating  conservation 
policy...to  wear  [heaiingprrtecUvedevicesl  At  these 
positions,  the  ioqpulse  noise  levds  caused  by  (the 
automatic  fireextfoguishii^systemlactivationrat^ 
up  to  161  dBP  at  over  200  millisecond  fl^haation. 

levds  exceed  tire  140  dBP  hazard  criterion  but 
are  vritiiin  the  alhnvable  cjqtosure  range  for  person- 
ltd  wearing  Ihearii^piolettivedevicesl.  Activation 
of  tiie  (automatic  fire  extingidsUng  qrstem]  at  such 
time  would  not  expone  protected  pasonnd  to  haz¬ 
ardous  inqmbe  itobe:  If  persoimd  are  not  wearing 
(hearing  protective  devioesl  and  die  (automatic  fire 
extinguisliing  system]  is  activated,  permanent  hear¬ 
ing  low  may  occur  wiA  repealed  eiqtosure^butbless 
likdy  for  a  once  in  a  hfetime  exposure. 

Tbeiapiddisdiargeoftiie7-poundHakinl301botties 
has  the  potential  for  fieezing  tissues  in  the  discharge 
streaiit...(Slubzero  temperatures  wtwld  be  expected 
on  sUn  sutfoces  for  very  short  durations.— CoM 
injuries—havebeendocuimnledwitiidhe  automatic 
fire  extinguishing  system]  in— veMdes  (other  than  the 
M6QA3I  during  aoddental  Halon  discharge— 


fah^ 


Paints  are  widdy  used  in  industry  and  the  military 
for  aesthetic  purposes  and  also  to  produce  a  surfooe 
coating  for  protodion  against  weatiiering.*  Workers 
can  be  expo^  d  urir^  apfdkation  of  the  painL  durit^ 
drying  and  curing  as  a  result  of  sedvent  evaporation, 
arid  during  paint-grinding  or  -stripping  operations. 
For  this  discussion,  tire  term  print  reto  to  a  range  of 
solvent-based  products  including  conventional  and 
epoxy  paints,  varnishes,  enamds,  and  lacquers.  Cbn- 
venlional  paints  consist  of  a  pigment  di4>ersed  in  a 
vehide.  Varnfahes  ate  usually  a  noeqrigiiicnted  resin 
tiiat  is  dissolved  in  a  solvent  They  dry  by  solvent 
evaporation  and  the  oxidation  and  polymerization  of 
thebinder.  Most  enamdpainb  are  like  vambhes,  but 
with  a  p^meitt  added.  Lacquers  are  dear  or  pig¬ 
mented  finishes,  usua%  based  on  a  oeflulose  ester  in  a 
solvent,  arvl  cure  tiscu^t  solvaa  evaporation.”  A 
number  of  water-based  paints  and  enamds  are  also 
available;  but  because  these  coatings  do  not  pose  a 
significant  inhalation  hazard,  they  will  notbedis- 
cittsedfortiier  in  this  chapter,  ^xnypainteoomistof 


epory  resins  inreactivedfluents.  Thesearambted  with 
curing  agents  to  create  tough,  inert  suifoce  oratings. 
Genentity  the  components  are  not  volatfle  and  are  not 
an  inhalation  haza^” 

Solvent-based  paints  generally  consist  of  three  com- 
ponents:  a  vdude,fillexs,  and  additives  CTaUe  13-6). 
Tito  ndudr,  whidi  indudes  a  bitider  dissolved  in  tile 
solvent,  makes  up  the  liquid  portion  of  tile  point  and 
allows  it  to  be  thinned  to  a  consistency  suitable  for  the 
chosen  iitotiiod  of  apftotion.  The  binder,  ettiier  a 
natural^  oocurring  cA  or  resin  or  a  syntiwtic  material, 
cementstiiepaint  film  to  titoSubstrate.”FtDos  indude 
pigments  to  color  the  coating  and  extenders  to  control 
texture;  and  vboostly.  Pigments  are  usually 
findypowdered,iinolubleaoIids^tarediqtoiaedin 
the  liquid  medhmi.  Inadditiontoprovidingcoloraiid 
opacity  to  the  finish,  some  pigments  also  act  to  irihibit 
corrosion.  AddcffowinchideagentstiMtproinoledty- 
ing,  inhibit  iniklew  giDwtii,  and  pieveiit  tito  pigiitont 
from  settling  and  the  paint  film  from  saggbig.  Al- 
tiwu^  a  variey  of  additives  are  used  in  focm^tii^ 
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TABLE m 

COMPOSITION  OF  PAINT 


Vdiidcs 

Function 

Fnicfs 

Function 

Additives 

FanctioB 

Sohints 

Adjust  viscosity 

Pigments 

Provide  color. 

Driers 

Speed  drying 

Xylene 

(thinners) 

Titanium  dioxide 

opacity 

Biociiles 

Prevent  growth 
of  molds  and 
fungus 

Terfuene 

2Snc  oxide 

Benzene 

Iron  oxides 

Nai^ithas 

Lead 

Flattening  Agents 

Reduce  luster 

Perdilofclhylene 

Chromium 

Mineral  ^lirits 

Cadmium 

Methyl  ediyl  ketone 

Aluminum 

Methyl  isobutyl  ketone 

bonze 

Ethyl  acetate 

Carbon  Made 

Tridiloiediylene 

Lampblack 

Butyl  alcohol 
Ed^  alcohol 

Vjdenden 

Talc 

Btdldbody 

Cydohexanol 

Gudum  carbonate 

Resins 

Form  film 

Silica 

Alkyd 

Phenolic 

Bentonite 

Acrylic 

Vinyl 

Aodno 

CeUukne 

Poiystyiene 

Polyurediane 

Epoxy 

Sowcc  BvtgeM  WA.  JbcofittfiM  of  Kntrtfa  tif  fiitotfy;  it  Xfww  hkw  York:  John  Wiley  Jc  Sons;  1961. 


paints,  they  generally  coo^KW  oiUy  a  smaU  percent* 
age  of  die  paint 

Toxic  Cosalitaeftte 

The  toxic  constituents  of  paints  are  contained  in  die 
solvents,  pignients,extende(s,andresitts.  Dennaland 
ocularexposuresandinhaladoncanoocurwfhfle  paints 
are  being  mixed  or  apfdied;  the  route  and  depce  of 
exposure  depend  to  some  extent  <m  the  niediod  of 
application.  During  roller  or  brush  paindi^stdvent 
vapors  can  be  inhaM  as  these  constituents  vobtilize 
horn  die  freshly  pointed  surface.  Spray  prunting, 
however,  poses  a  mneh  greeter  respiratory  hazard 
because  b^  the  Uquid  and  solid  constituents  are 
actoeoiized. 

Chronic  eiqioeure  to  die  mixed  solvents  diat  are 
found  in  padnts  can  abo  cause  a  nenrasdienia  dut  is 
somedines  referred  to  as  pmter's  stftidnme.  Toxic 


sys^ptoms  indude  headache^  fot^ue,  d  ifScuity  in  con¬ 
centrating,  deficits  in  shott>teim  memory,  irritability, 
depression, and  alcohol  intderance.  Clhesesyn^ 
toms  have  abo  been  reported  by  workers  in  die  plas& 
boat  industry  and  am^jet^ud  handlers).^  In  gen¬ 
eral,  as  the  severity  of  die  sotvenl-rdated  effects  in- 
creo8e,r«versibQity  becomes  less  likdy.^  Thesolvent- 
related  neurasthenia  was  first  described  in  the 
Scandinavian  literature  during  the  late  1971b,  but  b 
stOinotuniversallynecognized  Areoentstudy  evalu¬ 
ated  workers  in  two  p^-manufocturing  piants  in 
die  United  Slates,  but  feded  to  document  Aese  tyie- 
dfic  tymptoms  of  toxidty.*  Thb  study  evaluated 
187  wockmuring  three  standardiwdpsydioiogical/ 
neurological  assessment  battefies.  Exposure  dun- 
dons  ranged  from  6  to  36  years  and  conceolradons 
werebdtwdieTLVsorPEI^  Nodgidficaiitassocia- 
tions  were  found  between  solvent  exposure  and  test 
scores.* 
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Solxmtta 

Paints  can  contain  solvents  from  virhuliy  every 
cheoikaldassandtoxidtylevdCdescnbed  previously 
inthisdiapter).  Becausemanyarehighlytoxic^suchas 
benzene,  and  potentially  carcinogenic,  such  as  the 
halogenated  hydrocarbons,  attempts  have  been  made 
in  recent  years  to  reduce  the  use  of  titese  toxic  solvents 
in  paints  by  substituting  kss-toxic  scdvents.’"  How¬ 
ever,  the  woriq>lace  hazard  remains  significant  be¬ 
cause  workers  continue  to  etKounter  th^  agents  in 
cdderf6nnulations,or  as  consfitucntsofcurrentpamts. 

Imorgank  Pigments 

ngments  provide  paint  %vith  opacity,  color,  dura¬ 
bility,  and  fdm  hardness.  They  typically  constitute 
20%  to  60%  of  a  paint  by  wei^t,  arid  are  composed  of 
findy  divided  inorganic  solids.^' 

TthmiiMf  Dioxide,  'iltanhzm  dioxide  is  a  white 
pigment  that  has  virtually  re|rfaced  die  older  lead- 
based  white  pigments.  Otis  also  used  in  food  products 
and  cosmetiesasa  whiteningagent)  Titanium  dioxide 
is  generally  thought  to  be  physiologkallyinert^  Other 
white  pigments  indude  caldum  carbonate,  barium 
sulfate,  and  aluminum  silicate.”  Historically,  these 
pigments  have  been  omsidered  physiologically  inert, 
and  they  have  a  low  order  of  hnddty.  Recently.how- 
ever,  concerns  have  been  raised  ovetptdmonaryolvto- 
lor  pndeitio^,  a  physical  condition  thought  to  result 
from  exposureto  particulates.  Theconditkmhasbeen 
reportedamongworicersexposedtoseveralparticu- 
laiesinduding  the  bieit  dusts.  Other  studies  suggest 
that  these  may,  in  fact,  be  bkdogicaOy  active,  and 
NIOSH  has  reported  data  suggesting  that  titaimun 
dioxide  b  a  po^tial  occupational  carcinogert* 

TheACQHTLVforthesewhHepigtnentsis  lOmg/ 
m^.  OSIA  PELS  are  10  mg/itPfbrbarium  sulfate  and 
titanium  dioxide,  and  15  mg/m^  for  caldum  carbon¬ 
ate.  OSIAalsosetareLofSmg/m^asare^nrable 
dust  for  all  three  pigments.^'* 

Ctubon  BlaA  ^  Lmmp  BUiek.  Carbon  Mad;, 
produced  during  the  incomplete  combustion  of  petro¬ 
leum  gas,  and  lampUadc,f^uoed during  die  incom- 
ptete  combustion  of  oiL  aie  the  most  common  blade 
pigmraitt  used  in  paints.  Incomplete  ootnbustkm  may 
produce  a  variety  of  poiyinidear  aromatic  hydrocar¬ 
bons  Q’AHs),  which  are  lilcdy  to  contaminate  these 
Made  jrigments.  A  number  the  PAHs  have  been 
found  to  be  both  mu  tagenic,  when  tested  in  in  vitro  test 
systems,  and  carcinogenic  in  animal  bioassays.  No 
excess  tumor  incidence  has  been  found  in  epidemio¬ 
logical  studies  of  carbon  black  workers,  however.” 
TheACGIHllVforcarbonUackis3.5mg/m3;05HA 


has  not  setaPEI.for  this  substance.  Noexposure  limits 
have  been  set  for  lamp  black.^ 

Iron  Oxides.  Iron  oxides,  found  in  red  and  brown 
inorganic  pigments.have  low  dermal  and  mraltoxidty. 
Workers  in  the  metal  or  pigment  industriesidw  inhale 
iron  oxide  dust  or  fumes  may  develop  a  mQd  form  of 
imeumoconiosis.  BecausetIiecausalagentisiron,this 
condition  is  more  specifically  termed  a  riderosis,  and 
apparently  does  not  become  f^irotk.^'*  The  ACGIH 
TLV  for  iron  oxide  is  5  mg/m^  the  OSHA  PEL  is  10 

Chromium.  Chromates,  used  extensivdy  in  ydiow 
andorai^pgoients.canactassensitizers.  Chromate 
dennatitislusbeen  reported  in  workers  inanumberof 
industries.  Exposures  to  chromium  in  die  chrmne- 
production  and -pigment  industries  have  been  assod- 
.  trt  with  moBsrf  ot  ca»- 

cers. 

Chromium  exists  in  oxidation  states  ran^ng  horn 
divalent  to  hexavalent;  the  bivalent  state  is  the  most 
common  form  found  in  nature.  The  carcinogenic 
activity  aaodated  with  exposure  to  chromium  has 
beenattributedtodiehexavalentform.  Epidemiology 
cal  studies  suggest  that  the  acid-sohible,  water-in- 
sohiMe  hexavalent  chromium  b  produced  in  refining 
operalion&  This  form  is  also  corrosive  and  reportedly 
can  cause  chronic  ulceration  and  perforation  of  die 
nasalseptum.  In  contrast,  bivalent  chromium  is  nei¬ 
ther  irritating  nor  corrosive.* 

The  ACGM  recommends  a  TLV  of  05  mg/iiP  for 
diromtum  metal,  di-  and  bivaleiit  diromium  and 
water-soluble  hexavalent  chromium  compounds. 
Water-insohibie  hexavalent  chromium  is  a  known 
human  cardnogen  and  has  a  TLV  of  055  mg/m^. 
OSHA  has  a  PEL  of  0.1  mg/m?  as  a  ceiling  value  for 
QOj. 

Organic  rigmfuti 

In  addition  to  die  inorganic  p^ments,  there  are 
hundreds  of  organic  pigments  usH  in  the  paint  indus¬ 
try.  However,  data  on  the  toxkiiy  of  most  organic 
pigments  are  UoiUed:  in  most  cases,  die  onfy  data 
consist  of  acute  oral  tl^  values  idr  rodents.  The 
huixian  toxicology  of  dirofiic  ei^xmires  to  most  or¬ 
ganic  pigments  remains  largdy  unknown.” 

Extenders 

A  number  of  minerals  sudi  as  rilicas,  silicate  days, 
mica,  and  talcare  used  as  extenders,  idiidiacttobii^ 
body  in  paint  formulatkms.  While  the  toxicologkal 
effe^  of  pigments  depend  on  die  specific  type  of 
pigment,  M  extenders  have  the  potei^  to  produce 
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fibrosis  of  the  lung.  Limited  epidemiological  data 
suggest  that  a  mixed-dust  pneumocontosb  is  preva¬ 
lent  among  painters,  whidi  might  be  due,  in  part,  to 
exposure  to  extender  materials.^ 

Resins 

Resins  are  polymers.  As  a  group  they  include  the 
alkyd,  acrylate  and  methacrylate,  vinyL  cdlulose,  ep- 
oxy,andpoIyurethaneresins.  Theyhavelowvolatility 
and  are  generally  stduble  in  organic  solvents  arwl  in- 
scdubk  in  water.  lnpaintsarvdvanushes,resinspro- 
vide  him  hardness,  gloss,  surface  adhesion,  artd  resis- 
taiKe  to  weathering.” 

AlktfdRe^sis.  /^dresmsfbrmasacondeirsation 
product  of  a  polybask  add  atvl  a  polyhydric  alcohol 
Their  toxidty  b  relatively  low  and  they  have  a  lone 
history  of  use  without  mdkatian  of  adutmic  hazard.” 

AcryUde  raid  MetiuayUte  ResiMS.  Aa>4ateatv! 
methacrylate  resins  are  polynsers  formed  fr^  acrylic 
and  mediacrylic  adds.  These  substances  are  u^ 
extensivdy  in  latex  paints.  Unreactedtrumomersare 
prinuty  irritants  and  skin  sensitizers.  OtKe  they  are 
polymerized,  however,  they  are  rro  longer  health  haz¬ 
ards,  Reacted  polyrtrers  have  a  low  order  of  toxidty, 
atKl  the  Food  and  Drug  Adrtiirustration  has  approved 
polymethacrylate  as  an  indirect  food  additive.” 

The  vinyl  resins  are  polyrrrers  of  a 
number  of  monomers  induding  vinyl  chknide,vinyii- 
dene  chloride,  vinyl  acetate,  derivatives  of  sty¬ 
rene.  The  principal  health  hazard  associated  %vith  the 
vinyl  resitrs  is  Uiie  potential  for  exposure  to  urueacfod 
vinyl  chloride,  whidi  the  EPA  coiners  to  be  a  known 
human  carcinogen,  ^ridemiological  studies  have  as- 
sodaied  workers'  exposures  to  the  vinyl  resins  vrith 
increasediiKkletKe(^Uverangiosanx»naand,possi- 
b!y,braintum(Nrs.”TheACGIHrecommer>dsa1^Vof 
5  ppm  for  exposure  to  the  vinyl  resins.' 

Cetbdou  Re$m$.  The  ceDulose  resins  are  rutural 
products  and  indude  nitrocdlulose,  cdlulose  acetate, 
and  cellulose  acetate  butyrate.  These  con^rounds  do 
not  present  any  known  toxic  hazard.'^ 

Epoxif  Resits.  The  epoxy  resins  used  most  fre¬ 
quently  in  paints  and  coatir^  are  usually  made  by 
reacting  epiddoihydrin  and  ^{^lenol- A.  Exposures 
to  epoxy  resins  that  have  not  cured  complet^  have 
been  associated  with  skin  and  eye  irritatiOT  and  aOer- 
^sldnreactions.  liquid  epoxy  resins  are  used  piima- 
tily  in  twcKomponent  epoxy  paints.  These  liquid 
resins  are  nnodified  when  readive  diluents— «diidi 
areabo  skin,  eye,  and  respiratory  irritants — are  added. 
Aliphatic  and  aromatic  polyarnincs  and  polyamides 
are  abo  typically  used  as  curing  agents  in  two<ompo- 


nent  epoxy  coatings.  Thesesubstancesarealso  poten¬ 
tial  sensitizers  and  irritants.'”' 

Because  they  are  not  volatile  compounds,  there  are 
no  TLVs  or  PELS.  Operations  sudi  as  grinding  and 
sandingcanproducenuisarKedusts,hcwev'er,a^  die 
TLVs  for  the  individual  componerUs  are  then  relevant 

Polymretkmu  Resins.  Polyurethane  resins  are 
formed  by  polymerization  of  an  isocyaiute  sudi  as 
toluene  diisocyanate  (TIM).  Uncured  pd^urethane 
resins  contain  small  quantities  of  urueacted  mono¬ 
mers  and  these  monomers  can  cause  health  proUems 
in  exposed  workers.  Isocyanates  can  cause  severe 
irritation  to  the  conjunctiva,  may  cause  respiratory 
distress,  and  are  associated  with  sensitizatkm-type 
reactions.  Inhalation  of  isocyanate  itipors  or  aerosols 
can  produce  asthmalike  ^mptoms  induding  con¬ 
stricted  airways,  difficulty  in  breathing,  and  a  dry 
irritant  cough.  In  sensitized  iiklividuals,  even  a  very 
low  exposure  to  an  isocyarwite  can  produce  anaphy¬ 
lactic  shod;  or  other  st^  dramatic  re^xmsc.'*  The 
ACXHH  UV  and  05HA  PEL  are  both  ilOS  for  the 
urueacted  monomer.''* 

AJditwes 

Until  recently,  mercury  biocides  were  added  to 
latex  paints  as  a  preservative  to  prevent  baderial  and 
fungal  growth  and  to  control  mildew  on  exterior  sur¬ 
faces.  These  biocides  were  derived  from  mercurial 
compoui:idsmdudingphenylmercuricacetate(PMA), 
3-{chloromethoxy)pn^]mercuric  acetate  (CMPA), 
andphenylmercuricoteatefPMO).  At  least  onerepoit 
has  linked  these  mercury  compourvis  to  acrodynia,  a 
rare  form  of  mercury  poisoning  found  in  dUldien. 
This  disease  is  diaractoized  by  pink-colored  fingers 
and  toes,  peding  of  the  soles  and  palms,  pain  in  the 
extremities,impairedmotorcDntnhThotophobia,and 
mental  apathy.  The  EPA,  workit^  with  paint  manu- 
focturers,  de^ed  to  remove  mercury  from  interior 
paints.  Only  PMA  will  remain  regbteted  for  use  in 
exterior  paints  and  for  mtscdlaneous  interior  uses 
(spadding  and  patching  compounds).” 

Chemical  Agent  Resistant  Coatinga 

Unttl  the  early-tomid-1960s,militaryvehides  were 
painted  widi  standard  alkyl  and  acrylic  paints,  but 
these  absorbed  diemkal  warfare  (CW)  agents.  Upto 
25%  of  liquid  CW  agent  applied  to  surfoces  paiitted 
with  standard  paints  is  absorbed  within  30  rninutes. 
The  CW  agent  can  then  desorb  slowly  over  several 
wedcs,crealingaresiduaItoxichazaTd.  Standard  alkyl 
paints  are  abo  sohiMe  in  decontamination  solutions. 
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To  avdd  these  hazards,  the  military  converted  to 
polyurethane  paints  QWs),whidr  are  diemkalagent 
resistant  coatings  (CARCs),  on  all  combat  combat- 
support,  attd  taciical-wheded  vehicles,  and  aircraft 
and  essentia]  ground-support  equipment 

There  are  two  primary  fKuntsintheCARCqrstem. 
The  first,  for  exterior  use,  consists  of  aliphatic  PUP 
apjdied  over  epoxy  paint  vrhidi  fe  used  as  a  primer 
coat  Thesecond,forinterioru$e,ocmsistsofanepoxy- 
polyamide  paint  used  over  the  epoxy  primer.  ^ 
oxies  were  initially  considered  fbrall  CARC  applied 
tions.  However,  becauM  they  break  down  with 
prolonged  exposure  to  ultravioirt  light  dtey  can  rmly 
beusediitdoors. 

PUFis  provide  a  measure  of  chemical  resistaiice. 
However,  the  camouflage  pignnents  and  flattenii^ 
agents  required  for  military  vehicles  are  nwre  porous 
than  are  high-gloss  paints.  CW  agents  can  enter  Are 
poresofPUPs,bQtarenotadsotbedtoCARCpaints— 
tmlike  alkyd  artd  acrylic  paints— attd  fliey  can  be  re¬ 
moved  with  standard  decontamination  procedures. 


CARC  paints  are  also  resistant  to  the  components  of 
the  decontamination  systems. 

Two  polyurethane  trqxxnts— a  two-component 
paint  ar^  a  single-component  paint— are  av^Me. 
The  two-component  system  incorporates  cwnpooent 
A  (containing  the  polyester  resltt,  soiveitt,  and  pig¬ 
ment),  whidt  reacts  wiAi  component  B  (an  aliphatic 
polyisocyanate  combined  with  volatile  sdvents)  to 
form  a  tough/ resilient  oca  tii^  IntheatngIe<oiiq>o- 
itent  ^stem,  die  paint  cicei:  by  reacting  moisture 
from  the  air. * 

Both  of  the  PUP  CARC  ^sterns  contain  unreacted 
isocyanate  groups  in  die  uncuied  resin,  which  irritate 
the  skin  and  sensitize  the  respiratory  ^stem.  The 
newer  PUP  used  cunendy  in  CARC  paints  indudes 
hexamcthylene  df  socyanate.  The  motiomeric 
hexamethyicnediisrcysnateisnsnaByieactedtofonn 
a  higher-molecular-we^it  pfepoi]nner  diat  is  less 
vcrfadle  dian  die  hr  xam^^ene  diisocyanate  mono¬ 
mer,  vdiidi  tends  to  reduce  the  potential  hazard  from 
inlu^tion.” 


F^U^lhe  operator  in  this  walk-in  spray  boodibweuiiigcovenlls,^oves,ahcadoom,and  an  air-puiifyinKrapinlor. 
He  has  abopc«itkx>edUieitetm  to  be  painted  between  hanself  and  the  booth'sechaitst  ventilation.  This  serves  two  purposes: 
H  minimizes  the  potential  for  the  painter's  exposure  and  h  prevents  vapors  and  aerosott  from  leaTing  the  spray  booth. 
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BcpotuttConttoh 

Industrial  painting  (^xrations  use  several  methods 
tocontrol  worker  exposures  and  reduce  potential  health 
effects.  Most  flow*  and  spray-painting  operations 
withsolvent'based  paints  require  exhaust  ventilation 
to  reduce  the  airborne  paint  mists  aird  solvent  vapors 
toacceptablelevdls.  Ventilationcontrobmdudespray 
booths  and  rooms  or  tutmels,  whidi  are  design^  to 
contain  the  arrosrd  mists  (Hgure  13-3).  These  endo- 
sures  are  equipped  with  a  filtration  system  (or  mist 
arrestor)  to  remove  paint  mists  from  ^  exhaust  air. 
Spray-paint  operators  must  weareffectivePFE:  goggles 
and  a  face  with  a  diarcoal  filter.  Effecthrespray- 

booth  controls  also  require  that  the  operator  not  posi¬ 
tion  him- or  hetsdf  between  the  ob)^  being  pahited 
aiulthepoirU  of  exhaust  Pcrsoimd  should  alsoerrsure 
that  booths  equipped  with  dry  filters  receive  regular 
maintenance  and  cleaning  to  prevent  the  filter  from 
dogging.® 

The  method  of  paint  apt^katkm  infiuerwes  worker 
exposures.  Conventional  air  spraying  is  fire  most 


common  method  used  in  spray-firtishing  operatkms. 
Exposures  to  paiitf  mists  as  a  re^  of  over^aray  and  re- 
botmd  are  piindpal  hazards  of  these  operations.  Air¬ 
less  qxay  techniques  reduce  oversptay  by  approxi¬ 
mately  50%  when^xn^ii^flatsutfaces.  Anodierapplica- 
tion  method,  decbostatic  spraying,  involves  charging 
the  paint  mist  so  it  isattracted  to  the  item  tobe  painted. 
This  teduiiquediminates  almost  90%  of  the  overspiay 
associated  with  conventional  air  atomization.^ 
Spray-finishing  applications  in  which  engineering 
controlsare  impractical,  or  operatioits  in  whi^  highly 
toxic  materials  are  present  require  that  PPE,  indu^g 
resfMiatory  protection,  be  u^.  Airline  respiratms 
may  be  required  during  painting  operations  in  con- 
fu)^  ^>aces  sud)  as  storage  tanks,  boilers,  ventilatkm 
ducts,  or  other  areas  whm  airflow  is  restricted.  In 
other  situations,  conventkmal  half-facepiece  tespita- 
tois  wifit  mist-removing  ptefilters  and  organic-vapor 
filters  may  provide  adequate  protection.  Additk^ 
PPE  shotdd  indude  cloth  coveralls,  eye  protection, 
gloves,  aird  head  coverings.  Workersshouldbepro- 
hibited  from  wearing  contact  lenses  wlule  painti^® 


MEDICAL  SURVEILLANCE 


Workers  who  could  be  exposed  to  the  constituents 
of  paints  should  be  eruoDed  in  a  comprehensive  ttredi- 
cal  survetllatKe  program  designed  to  prevent  or  cott- 
trol  occupational  diseases.  Exposure  to  solvents  can 
occur  in  a  variety  of  occupations  and  often  involves 
complex  mixtures;  therefore,  theinstaOation's  medical 
audwtity  should  determine  the  qjedfic  details  con- 
cetnmgdtescc^and  frequency  of  ttwdical  surveil- 
bmee  examiiutions.  The  i^ysician  can  find  detailed 
recommendations  on  medical  surveillance  from  the 
Medical  Irtformation  Module  of  the  Occupational 
Health  Martagement  Information  System  (OHMIS), 
whidi  is  dbaeoed  in  Chapter  4,  Industrial  Hygiene, 
or  from  odier  medical  guidatwe. 

Medical  evahutions  should  indude  a  preemploy- 
rrwntexaminationandaregularpetiodicexaminatk^ 
both  of  whidt  should  indude  detailed  medical  aixl 
occupational  histories.  In  additkm  to  the  standard 
evalwtion  for  sowking  aivl  alcohol  use,  die  plq^skian 
shouldpayparticularattentkmtoanyhistocyofptevi- 
ous  exposures  to  toxic  substances,  e^iedaUy  organic 
solvents  or  odier  agents  associated  with  neurotoxic 
effects  (seeTable  134).  Due  tothe  neurotoxic  effects  of 
solvents,  the  physician  should  also  consider  obtaining 
a  neuropsydiiatric  evaluation. 

Because  painters  can  be  exposed  not  only  to  sol¬ 
vents  but  ato  to  the  other  constituents  of  paint,  they 


require  medical  survefllance.  Themostseriousoocupa- 
tional  health  concerris  for  paiiitets  are  their  poteritial 
for  exposures  to  mixed  solvents  and  isocyanates.  Dur- 
ingthepreplacementorbase!ineevaluation,thephy- 
sidan  should  screen  for  previous  exposures  to  isocya¬ 
nates.  The  physician  should  note  the  patient's  aller]^s, 
respiratory  diseases,andsinoldi^haI^  Becausesensi- 
tiz^  individuals  who  are  subsecpiently  exposed  to 
isocyanatesmayhaveseiiousalleT^reactionS/Ayper- 
setisitwimdiviituls  and  vootierstPiAg  history  of 
respiratoiy  illness  should  not  toork  with  these  substances. 
The  physical  examirution  and  dinical  tests  should  also 
thoroughly  evaluate  the  rc^iiratoiy  system  and  in- 
dude,inadditiontotheroutinediestXiay,pulmo- 
naty  function  tests  with  forced  expiratory  v^ume  in  1 
sec^  (FEV,),  forced  vital capad^  (FVO,and  FEV|/ 
FVC  A  periodic  examirution  should  be  perfocined  at 
least  armually  after  the  prej^aoeinent  examirution.® 
For  a  medical  survdQance  program  to  be  effective, 
healdi  education  must  accooquny  die  evahutkms. 
HcaJdieducationindudestrairi^forbDdieoqiloyees 
and  emj^oyers,  and  should  proiide  infomutkifi  on 
the  potential  hazards  of  the  chemicals  in  use,  die 
measures  to  control  exposures,  and  the  proper  use  of 
personal  protective  equipment  Training  should  also 
be  iqida^  and  repeated  when  new  chemicals  are 
added  to  the  wodqdace.®^ 
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MEDICAL  TREATMENT 


There  are  no  militarily  unique  medical  treatments 
for  exposure  to  solvents  and  paints  or  to  chknofluoro- 
caibons.  In  most  cases,  simply  removing  the  victim 
from  the  hazardous  environment  is  the  only  treatment 
required.  Contaminated  dothing  should  removed 
to  prevent  additional  exposure.  The  physician  should 
ensure  that  an  adequate  airway  and  respiration  are 
maintained.  Urinary  output  should  be  monitored  and 
fluids  admitustered  either  intravenously  or  orally. 
Diazepam  can  be  used  to  treat  convulsions. 

Solvents  and  Paints 

Usually,  the  only  treatment  necessary  for  acute 
exposures  to  solvents  is  removal  from  the  toxic  atmo¬ 
sphere.  However,  acute  exposures  In  high-eiKnigh 
coiKentrations  can  cause  paralysb,  convulsions,  aitd 
unconsdousitessthatcan  progress  todeath.  Ininstaitces 
of  ingested  solvents  (iiKluding  halogena  ted  hydrocar¬ 
bons,  kerosene,  and  Stoddard  solvent),  ntedical  per¬ 
sonnel  must  take  care  to  prevent  the  victim  from 
aqrirating  the  toxic  agent  into  the  lungs.  Even  small 
quantities  of  a  solvent  like  kerosene  in  the  respiratory 
tract  can  cause  pneumonitis,  pulmonary  edema,  hem¬ 
orrhage,  atul  necrosis.  If  aspiration  occurs,  the  emer- 
geiKy  treatment  is  the  same  as  for  any  oily  liquid. 

Huotocarbons 

Asa  group,  fluorocarixmsand  chlorofluorocatbons 
have  very  low  acute  toxidty;  the  greatest  hazard  of 
exposure  to  these  compoutKls  is  simple  asphyxiation. 
Eiqxisure  to  very  high  ooncentratkms  (>  50j(W  ppm) 
has  been  shown  to  produce  CNS  depression  and 
eventual  respiratory  failure.  Simply  removing  the 
victim  from  the  hajurdous  envirorunent  b  usually 
the  only  treatment  requited;  all  toxk  signs  rapidly 
disappear  when  the  patient  b  removed  to  fresh  air. 
The  most  severe  threat  from  fluorocarbon  exposure  b 
the  ability  of  these  chemicab  to  sensitize  the  hmgs  and 


myocardium.  In  some  ittdividuab  thb  can  cause 
brondiospasmandcatdiacaniiythtmas.  Should  cnxr^ 
exposures  to  hologenated  hydrocatimts — including  the 
chloTOpuorocarbons— occur,  epinephrine  or  other  sympa¬ 
thomimetic  amines  and  adrenergic  activators  are 
amtraindicttted.  These  solvenb  are  cardiac  sensitizers 
aird  %viU  furthersensitize  the  heart  to  the  development 
of  arrhythmias.  They  must  not  be  administered. 

Toxic  Combustion  and  Decon^sition  Products 

Exposure  to  the  combustion  aird  decomposition 
producb  of  halons  when  they  are  used  as  fire  extin- 
gubhersbprobablythemost  significant  medical  prob¬ 
lem  posed  by  dilmfluorocatbons.  These  producb 
areextremeirritanb;consequently,exposedindividu- 
abwillattempt  to  escape  fr^  the  contaminated  envi- 
roiuneirt  Persotmelirt^evehidesorconfined  spaces, 
where  escapebdifflcult,  may  be  exposed  tolong-term, 
high  coiKentrations  of  these  severe  initanb  and  can 
su^  chemical  burns  of  the  eyes,  sldn,  mucous  mem- 
brarres,  and  lungs.  Medical  treatment  should  be  the 
same  as  that  for  any  other  severe  irritant  Pulmonary 
edema  will  undoubtedly  bea  complication  if  exposure 
to  high  coiKentrations  has  occunixl. 

FkysicMJTnuima 

Halons  used  in  foe-extinguishing  or  other  pressur¬ 
ized,  dosed  ^rstems  can  cause  hearing  damage  from 
excessive  noise.  Hearing  protection  should  be  recom¬ 
mended  for  areas  where  the  probal^ty  of  sudden 
release  these  chemicak  is  high.  The  subzero  tem¬ 
peratures  that  occur  when  pre»u7ized  fluorocarbons 
sudi  as  the  halons  are  suddenly  released  can  also 
freeze  unprotected  skin,  eyes,and  mucous  membranes. 
Treatnrent  for  freezing  injury  requires  no  special  pro¬ 
cedures;  the  fluorocarbons  ^  rapidly  volatilize  and 
the  resultant  injuries  can  be  Ireat^  lOce  any  routine 
cold  injury. 


SUMMARY 


Althou^  large  quantities  of  sohrenb,  fluorocar-  exposure  to  these  compounds, 

bons,  and  painb  are  used  aimually  in  DoD  industrial  Solvenb  are  used  extensive^  in  the  military  to 
operations,  exposure  potentiab  in  the  militaiy  are  degrease  metal  parb,  in  painb  and  paint  removers, 
similar  to  thore  in  comparable  civilian  occupations,  and  as  intermediates  in  the  manufocture  of  other 
De^te  the  itKieased  use  of  engineering  cont^  and  Items.  Most  of  the  organic  solvenb  discussed  in  thb 

PPE,severeinjuiyordebilitatlon  earnest  from  over-  diapter  have  similar  acute,  toxic  anesthetic-like  ef- 
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fcctstotheCNS.  Chronicexposuresalsoinayaffectthe 
QMS;  other  target  organs  include  the  liver,  kidneys, 
and  blood.  Sonre  solvents,  including  benzene  and 
the  chlorinated  hydrocarbons,  are  animal  carcin¬ 
ogens,  and  some  are  human  carcinogens.  Target  or¬ 
gans  for  carcinogenicity  are  blood,  liver,  and  skirt. 

Fluorocarbonsasaclassarcrelativetynonloxicafter 
acute  exposure.  Quonic  exposure  ato  does  rtot  ap¬ 
pear  to  pose  a  high  level  of  risk.  They  are  potentially 
toxic  toboththecardiovascularandbTondiopulmonary 
systems;  this  fact  is  of  major  signifkatwe  when  medical 
personnel  are  required  to  treat  exposed  individuals. 
The  greatest  medical  hazard  posed  by  fluorocarbons  is 
the  extreme  toxicity  of  their  lUghly  irritant  combustion 
and  decompoMtion  products.  Current  use  in  the  ntili- 
tary  b  signihcant  arid  will  probably  rise.  As  replace¬ 


ment  chemicals  for  banned  fluorocarbonsare  selected, 
the  toxicological  and  medical  databases  for  them  will 
be  fragmentary  at  best. 

Painters  can  be  exposed  toa  variety  of  toxic compo- 
itents.  The  most  prevalent  exposures  are  to  the  sol¬ 
vents.  Other  constituents  of  paint  can  also  have  toxic 
effects.  However,  most  constituents  of  paint  are  rela¬ 
tively  safe  in  the  concentrations  used  in  paint  formula¬ 
tions.  Allergic  sensitization  reactions  can  still  occur  in 
seirsitized  individuab  who  are  exposed  to  the  isocya- 
irates  used  PUP  and  CARC  paints. 

Military  occupational  health  professkmab  should 
continue  to  work  tvith  industry  to  minimize  the  po¬ 
tential  risks  through  engineering  controb  and, 
where  possible,  through  substitution  with  less-toxic 
materials. 
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INTRODUCnON 


Apes/idifisanysubstaiKX  or  mixture  of  substances 
thatprevents,desboys,repcls,orinitigate$anypest  A 
pest  is  any  anunal  or  plant  that  can  injure  >'  environ* 
mentor^health  of  pqnilatkms  in  that  environment 
This  definition  allows  any  of  the  following  terrestrial 
OTaquatic  plant  or  animal  life  to  be  dassified  as  pests: 
insects,  rodents,  nematodes,  fungi,  weeds,  viruses, 
bacteria,  or  other  microotganistns  (except  those  on  or 
%vithin  living  humans  or  other  animals).  Theadminis- 
tntor  (rf  the  Environmental  Protection  Agency  (EPA) 
determines  which  organisms  qualify  as  pests.' 

As  part  of  a  unified  effort  sdentists,  mairageis, 
attd  those  who  apply  pesticides  must  conMder  the 
potentialrisksas8odatedwiththeap|rficatiottsofpes- 
ticides  before  dieoL  MOhary  goals  are  to  fo)  use 

pesticides  judidou^  and  (h)  minimize  introduditg 
these  toxic  nuterials  into  the  environment  Non* 
dtemical  pest*controt  measures  are  given  first  oortsid* 
eration;  chemical  controls  are  initiated  only  if 
nondremical  control  measures  fait  or  if  fire  situation 
dictates  that  chemical  controls  are  the  only  option. 

Pesticides  are  unique  among  toxic  materids:  to  be 
effective,  they  must  lx  purposdy  introduced  into  die 
pests'  envirorunents.  Not  only  other  animals  and 


(dants  but  also  humans  share  this  enviroiunent  widi 
thepests.  Excessive  residues  that  result  from  tnisap* 
plication  and  residues  ttiat  migrate  fiom  target  areas 
into  areas  of  environmental  concern,  such  as  ground* 
water,  are  just  two  of  the  serious  problems  associated 
with  pesticide  use. 

Theiisksof  using  pestiddesmustbeweiglMd^jainst 
thebenefils.Thepn4>lemhasbeen and  continues  tobe 
our  inability  to  fully  identify  the  risks  associated  wifii 
the  introduction  of  pestid^  into  die  environment 
For  exanqile,  the  thhinii^  of  bird  eggshells  firom  die 
bioaocumuladon  of  didilofodijdien^tridilocoediane 
(DDT)  and  the  controveny  that  surrounded  the  defo¬ 
liant  Agent  Orange  (a  mixture  of  approxunst^  50% 
didilofoplienolI244>)arid5()%trichk>fopheiiol|2d>5- 
TL  with  traceamounteof237«S-tdrachk)rodibenzo-p- 
dimdn  fTCIX>)  oontamirotion)  after  die  Vietnam  War 
wereunantiefyatedpesticiderisks.  Aldwughdieacute 
effects  on  bo^  the  environment  and  human  health 
niaybeknofwn,diereisapaudtyofinfonnationonthe 
chronic  effects  that  result  from  long-term  exposures  to 
pesticide  residues.  'Iherefixe^  evesy  piecantion  and 
form  of  protection  must  be  taken  whenever  pesticides 


are  used. 
MniTAKY  USES  OF  PESTICIDES 


Pesticides  are  necessary  in  the  military  to  protect  (■) 
human  healdi,  (h)  products  in  storage,  (c)  natural  re¬ 
sources,  and  property,  just  as  dii^  are  in  dviSan 
life.  The  military  has  an  enormous  investmeit  in 
human  resources,  facilities,  and  natural  resources,  and 
adequate  protection  of  this  investment  often  requires 
the  use  of  pesticides. 

Protecting  Hwmmi  Health 

The  mission  of  the  US  Army  Medical  Department 
(AMEIX»  is  to  conserve  die  fightirtg  stro^th.  Be¬ 
cause  arthropod-borne  diseases  are  major  risks  to  hu¬ 
man  healdi,  dlls  mission  requires  dial  pesticides  be 
used;  worldwide  contingency  operadons  necessitate 
that  AMEDD  be  prepared  to  protect  its  troops  ad- 
equatdy  against  diseases  sudi  as  mataiia,  typhus, 
plague,  leishmaniasis,  cnoeirfialitis,  and  dcigiue  In 
the  United  States,  Lyme  disease  has  emerged  as  an 
important  dde-bome  disease  and  has  renewed  die 
effort  for  usiitg  skin  and  dothingrepeBent&to  protect 
troops  daring  fiddcocetdses.  Pesticides  used  bodi  as 


personal  protection  (such  as  repellents  and  pedic- 
ulkides  Douse  penvdersp  and  area  controi  (s^  as 
mosquito  lazviddes  and  adulticides}  are  avadlaMe  to 
assist  in  preventing  die  ^ncad  of  pest-bome  diseases. 

To  protect  against  die  healdi  hazards  associated 
with  pesticides,  the  militaiy  must  also  conduct  ad¬ 
equate  rtsk-beriefit  anafyses  bcfbie  using  dient  For 
exanqple,  herbicides  were  used  as  defobmts  during 
die  Vietnam  War  to  meoibeis  of  die  U5.  mOitaiy 

see  the  enemy  in  die  dose  jatg3&  Agent  Orange  was 
usedwiddy.  Itefbcmulaticxiwasooritaininatedwidi 
dk>xin,however,and  because  diecoritainliiant  is  toxic; 
controversy  raged  for  years  in  the  United  States  over 
die  use  of  Agent  Orange-  This  controversy  under- 
soorestheneedforadeqwBte  risk-benefit  analyses  lobe 
conducted  when  miHtary  forces  could  be  present  ivhfle 
pesticides  are  being  appHed  or  might  be  oqxised  to 
diem  after  their  appikatioii.  %iedficalfy,  the  assess¬ 
ment  must  evaluate  die  risk  to  the  troops  from  thepesi 
(ardiTopcxl-bonie  disesses  or  dense  vegetation  pro- 
viding  cover  for  enemy  soldiers)  versus  the  itik$  to 
troopsifpesdcidesareusedtoininiinizedicserirics.  If 
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the  benefits  ctf  using  pesticides  outweigh  the  risks 
associated  with  their  use,  then  pesticides  should  be 
coflsideml  weapons. 

Roosting  Uids  can  cause  serious  health  problems  in 
hospitakanddustywoikareas.  Kid  feces  can  contain 
numerous  pathogm  that  cause  psittacosis  and  such 
mycoticdiseasesashistoplasinosisandciyptocoocosis. 
These  can  be  transmitted  throughout  a  ho^tal  via  its 
ventOafion  system,  especially  ifhiid  feces  contaminate 
theducting.  When  fecal-ooidaminated  dust  travels  as 
suqwnded  particulates  in  air  and  is  inhaled,  uiqwo- 
tected  individuals  can  contract  ciinkal  iUnesses  sudi 
as  mycoses  or  le^iiratoty  diseases,  or  devdop  skin 
leskms  or  subdinical  infections  maiufested  only  by 
subde  chai^  in  ^wdfic  antibody  titers. 

The  military  uses  more  pestid^  to  control  cock* 
roaches  than  to  control  any  odter  pest  ^jedes.  Gxk* 
roaches  transmit  disease  organisms  mechankally:  fids 
is  the  major  reason  for  die  continued  efibrt  to  control 
them.  They  are  associated  with  the  ^mad  of  enterk 
diseases  sudi  as  sahnofidkMis.  dysentery,  or  typhoid. 
In  addition,  diere  is  increasmg  evidence  of  aPetgies  in 
humam.  whidi  has  resulted  from  cohabiting  indoors 
with  oodsoadws.  Whilenondiefnkalcon^medi* 
ods— such  as  appropriate  sairitatioR  and  reduction  of 
codcroadi  haibmge— are  ba  more  effective  in  con* 
troOii^  codooach  populations,  pesticide  tieatmeids 
in  food  areas  and  in  mOitaiy  housiiig  condnue  to  be 
necessary. 

Protecting  Stored  Products 

The  Stored  Products  Pest  Management  Program, 
conducted  widiin  the  Department  of  Defense  (DoD), 
consists  of  an  integrated  system  of  ston^  quality 
assurance;  and  pest-management  activities.  These 
aedvidesaredes^nedtoprevent  or  control  insectsand 
rodents  that  attack  intestable  stored  products  such  as 
food  and  fiber  items.  Faihtre  to  ooinplywidi  proper 
storageprooeduresinay  result  in  substantial  econornic 
losses  caused  by  pest  damage.  Fesdeidesareaninte- 
gial  part  of  diis  ptpgiant  Applied  as  icridual  treat¬ 
ments  or  aiibonie  area  ^irays,  pesticides  provide  a 
banier  between  the  pests  and  the  stored  products. 
Withoutsuchprotecd^  insects  (such  as  grain  beeties, 
moths,  and  weevils)  and  rodents  (such  as  mke  and 
mtslwouldoontaminateordestroyHemssuchasfiour, 
oetcaL  rice;  and  dried  ftuiL 

Prtitefdry  Natural  Resources  and  Maitoty  Property 

Tite  mOilaiy,  wtdi  milliofis  of  acres  of  land  on  its 
ifiitaIladotisandlNaes,usespesticfclcstoprotectvahi* 
able  natural  resources  such  as  forests  and  wildlife  and 


protect  against  pest  populations  that  inhibit  military 
activities  or  damage  property.  For  example,  trees  are 
a  valuable  natural  resource  that  need  to  be  protected 
fiom  die  gyp^  moth.  Wooden  buOdh^nred  to  be 
protected  from  termites  and  odier  wood-destro3rii^ 
insects. 

Populations  of  rodents  sudi  as  prairie  dogs  or  rats 
may  exceed  the  natural  canyii^  capacity  of  die  area; 
rodentiddes  may  be  needed  to  reduce  these  popula¬ 
tions,  eqxciany  if  the  burrows  impede  die  use  of 
militiury  equipment  in  the  area  or  a  i^gue  oudireak 
should  occur  that  may  threaten  human  populations. 
In  diese  instances,  pesticides  may  be  lequhnxl  to  re- 
duoe  the  rodent  ptroulation  quickly,  tadver  than  rely 
on  natural  controb  sudi  as  predation. 

Pests  such  asbirds  that  congregatenearaiiports  are 
hazardoustoaiiaaft,ciews,andpassenger$;anavi- 
cide  can  promptly  reduce  the  hazard.  Bfids,pattku- 
]attypigeons,canalsobeooineaserkNis  problem  vdien 
they  roost  in  waidiouses.  b  addition  to  dieir  associa¬ 
tion  with  Qliiess  and  contamination  of  stored  foods, 
roosting  birds'  acidic  feces  can  deface  buildings  and 
acederate  the  deterioration  of  eqtiipmenL 

Termites  and  odier  woochdertraying  insects  cause 
tremendous  building  damage  and  economic  loss  on 
military  instaHatioiis.  Hoivever,  as  a  result  of  die 
environmental  persistence  of  die  diemical  constitu¬ 
ents  of  pesticides  and  the  potential  for  adverse  human 
health  efiects  from  these  constitxients,  the  nuhtary  uses 
of  pesticides  tocontrol  termites  harechanged  bm  the 
use  of  persistent  dilocinated  Iqrdrocaibon  pesticides 
(such  as  chlordand  to  less  persistent  pesticides  (such 
as  chlotpyrifos).  These  changes  b  termite  man^e- 
ment— more  fiequent  applications  of  less  persistent 
teimiticides— have,  paradcndcally,  increased  the  risk 
ofeqwsuie. 

Prateetbg  Agabst  Exposure 

The  safe  applicatiofi  of  pesticides  requires  that  pre¬ 
cautions  be  taken  to  proM  i^atnst  acute  or  dironic 
exposurestopesticide  residues  diatmaycausepoisoii' 
ing.  Wbb  acute  pesticide  pobonif^  symptoms  are 
wd  documented,  a  paucity  of  infoanation  exists  on 
effects  oflong-termexposuie  to  pesticide  residues.  For 
das  reason,  protecting  against  the  unknown  chronic 
hedth  efferts,  as  wdl  as  acute  health  effects,  warrants 
mintinizti^  human  exposure  to  pesticide  residues. 

Routes  of  Exposure 

The  purposeful  introduction  of  pesticides  into  the 
enviionment  can  cause  iiot  only  die  worker  udio  ap- 
ptiesdiepesticide(dieapplicator)butaIaounsoqiect- 
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ingbystander;  or  pas5«n^  to  be  exposed  topesticide 
revues  via  («)  dernu!  contact,  Cfr)  inhalation,  and  (r) 
ingestion. 

Dermal  contact,  the  most  frequent  route  of  pesticide 
exposure,  can  occur  during  applications  of  liquid 
qmiys,  dusts,  and  granules.  Preparii^  mixed  or  dh 
luted  solutions  from  concentrated  pesticides  maycause 
considerable  dermal  exposure  if  a  ^nH  o(xurs. 

Pesticides  can  cause  mikMo-sevcresldn  injuiy  de¬ 
pending  on  the  particular  pesticide  and  formulation 
involved.  Severe  internal  poisoning  may  occur  if 
sufficient  pesticide  b  absorbed  through  the  skin  into 
the  Mood,  and  is  transported  to  tire  internal  organs. 

Inhalatkmal  or  le^Mratory  exposures  can  also  occur 
from  pesticides  during  mudng  or  apftiication,  al¬ 
though  this  exposure  route  is  usually  much  less 
likelythanthedennal  route.  If  inhaled,  pestiddescan 
be  absorbed  into  the  htngs  and  tran^Mrted  to  other 
organs  via  tire  bkxxL 

Ingestion  b  not  usually  a  significant  hazard  for 
careful  workers,  but  it  can  be  a  dangerous  e)qx)suie 
route,  c^wdally  if  pesticide  ^>ray  or  dust  b  sf^bshed 
into  the  mouth  during  mixing  or  apftikation,  or  if 
contaminated  foods  or  beverages  are  corrsumed.  Pes¬ 
ticides  can  also  be  ingested  if  tire  applicator  snrokes 
tvhile  mixing  or  applying  them.  Ii^ested  pesticides, 
after  pas^g  thnwgh  the  linings  of  the  mouth, 
stomal  and  intestine,  are  easily  absorbed  into  tire 
blood. 

tike  Ifozerds 

Thehazardsthatpestiddes  present  to  human  health 
are  mitigated  by  using  personal  protective  equipirrent 
(PPE)  and  tile  appropriate  engineering  contiob;  PPE 
must  be  used  whenew  pestidde  exposure  win  occur 
in  excess  of  accepted  action  levels^  or  the  permissible 
exposure  limit’  By  consensus,  unless  otiierwbe  de¬ 
fined,  action  ieveb  ate  usually  defined  as  a  concentra¬ 
tion  equal  to  onebalf  the  Occupational  Safety  and 
Health  Administration's  (OSHA's)  permissible  expo¬ 
sure  limit  (PEL),  wtiikh  b  the  statutory  exposure  limit 
The  AmericanConferenceof  Governmental  Industrial 
Hygienists  (ACGIH)  recommends  acceptable  expo¬ 
sure  iimits,  kncnvn  as  Threshold  limit  Values  (TLVs, 
a  registered  trademaric  of  tfie  A(DGM).’  Protection 
from  exposure  should  be  provided  at  whichever  ac¬ 
tion  levd  b  lowest  (either  ^  limit  required  by  06HA 
or  the  limit  recommended  by  the  ACQH). 

J  fWnCMC  WwOfKfTw 

Protection  against  pestidde  exposure  to  military 
personnel  «dio  apply  pestiddes  b  afforded  by  botii 


engineering  controb  and  PPE.  Engineering  contixds 
are  aimed  at  containing  or  reducing  the  spread  of 
pesticides.  Thesemeasuresarepartia^yimportant 
for  tiie  activities  performed  in  pest-oontiot  fteilities, 
sudi  as  dihitii^  and  mixing  pesticides.  Engineerii^ 
controb  can  pertain  to  the  des^  of  ventilating  sys¬ 
tems,  phjmb^  fire  protection,  emergency  shtn^ 
and  eyewash  fountains,  and  personnel  lodcer  and 
bathh^fodlities. 

PPE  provides  a  barrier  that  predudes  or  limib  an 
individual's  expesure  to  pestiddes  (TaUe  14-1).  De- 
pendingonthepestHnanagementoperationbeingoott* 
ducted,  more  ti^  one  type  of  PPE  nuy  be  necessary. 
For  example,  a  tvaterproof  jacket  aikl  panb  should  to 
worn  if  a  qpraying  operation  could  cause  tiie  required 
coveralbtobeixnieiveLlnaclditiotwIabdiristiuctiofis 
may  indicate  thataqxdficrespiiatorbeused  with  tiiat 
product  Sudireqihatorsm^indudeadustinask, 
canbter-type  gas  mask,  or  sdf-contained  breatiiing 
apparatus. 

Training  b  essential  for  pestidde  appticatocs,  to 
prevent  or  reduce  their  potential  exposures.  %edfic 
issues  that  must  be  addressed  in  training  inchide  the 
benefib  of  usti^  cngineeTing  controb,  as  tveS  as  tiie 
appropriatesdectkmanduseofPPE.  Otiier  essential 
ttaining  issues  indude  the  hazards  of  qjiedfic  pesti¬ 
ddes,  possible  adverse  health  efieds  from  exposure, 
emergency  first  aid,  dccortUmmation  procedures,  and 
emergency  responses  to  ^nHs.  Workersmustbein- 
formed  tiiata  sublleexposure  hazard  potential  may  be 
associated  with  pesticides  that  have  lor^-lasting  resi¬ 
dues.  Tttetrainii^  must  enqtiiasize  that  workerscould 
be  chronicalty  exposed  to  pesticides  if  cngineerii^ 
controb  faQ  to  operate  prop^  or  if  the  PPE  b  defec¬ 
tive  or  vrom  improperly. 

All  workers  vdio  receive,  handle,  store,  and  appty 
pestiddes  must 

•  demonstrate  proper  handing  of  pestiddes, 

•  know  proper  deuMjp  procedures  far  pesti¬ 
dde  spilb, 

•  initiateappropriateyill  notification  or  report- 
mg,  and 

•  have  access  to  a  pestidde-spin  kit 

Ocanup  procedures,  induding  a  notification  chan- 
ncL  should  be  posted  in  tiievicmity  of  die  kit  After 
training,  workers  should  be  able  to  demonstrate  ttiat 
theyarecapdileof 

•  iccogniziiig  die  inherent  toxidty  of  the  par¬ 
ticular  pestidde  products  tiiey  apply, 

•  using  avaihMe  engineering  controb  and  tcc- 
pgnizing  when  the  controb  are  functioniig 
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TAILE14-1 

FERsoNAL  noTEcnivE  EQUIPMENT  (rre 


PesHddes 


PPE 


Rjqrimneat 


Apron 

Bools 

Oodiins 

Eaoesineld 

Gpggks  or  fnll-^Kz  re^jirator 

GVms 

H>t 

Re^intor 


Wstoproof,  made  from  synthetic  eatoial  or  nibben  use  for  mixing  pestiddes. 
Waterproof,  made  from  synthetic  material  or  robber. 

Oean  coveraOs  or  outer  dothiag:  change  daily;  waterproof  jadeet  or  pants  if 
using  liquid  formulations.  Do  not  wear  over  street  dodtes. 

Use  wdien  handling  or  mixing. 

Use  nhen  handling  or  applying. 

Waterproof  unlinedi,  made  from  syndietic  material  or  robber. 

Waterproof  wide-brimmed  with  nonabsorbent  headband. 

Cartridge-type  approved  for  pesticide  vapors,  unless  labd  qpedfres  aixilher  type 
(dust  ma^  adf-oontained  bRaddng  apparatus). 


impropeify, 

•  dctenniniitg  when  PPE  fa  necessary, 

•  property  donning  and  doffiiq;  PPE  to  limit 
e^tosure  potentiaL 

•  property  diyrsii^crf  unused  pesticides,  and 

•  properiy  decontaminath^  erjutyment 

RysImNims 

It  fa  equally  ia^portant  to  protect  cither  people  froin 
exposures  that  nay  occur  during  or  after  tibe  applica¬ 
tion  of  pesticides.  This  type  of  exposure  fa  insidious 
becausedieindividualmaynotbeawareofdiepesti- 
dde  and  its  potential  eiqiosure  hazard.  However,dte 


hazard  to  dwse  individuals  fa  often  largdy  reduced  if 
appropriatetedmiquesareioDoweddur^appika- 
tion  a^  if  dilnted  pesticides  are  used. 

Those  ndto  apply  pesticides  to  buildings  (offices, 
hcxnes,  banacks,  and  so  forth)  should  careffilty  advise 
the  occupants  of  die  potential  hazards.  Theoocupants 
should  mstiucted  to  alert  the  pcstkkle  appUedors 
if  there  are  signs  of  inappropriate  appUcation  such  as 
wet  qpots  or  puddles.  The  occupants  should  abo  be 
carefully  insfructed  oonceming  dietr  time  of  reentry 
into  die  treated  budding  and  safety  practices  associ¬ 
ated  widi  baits  and  traps.  Pestirides  that  have  a 
stynificant  residual  time  are  hazardous  to  humans  if 
application  procedures  have  been  faulty. 


PEETAKATTON  OFPESnCTDES 


Pesticide  diemicals  as  diey  are  produced  by  the 
manufacturer  are  usually  hi^tty  concentrated,  wOI 
not  mix  wdl  with  water,  and  may  not  be  chendcalty 
stable.  To  enhance  stor^  handling,  and  application 
of  pesticide^  carriers  (solvents,  days,  suifadanls,  or 
stabdizm)  areadded  to  die  active  ingredient  to  create 
a  pesticide  formulation. 

Parnlatious 

The  most  oommon  pestkide  formulations  are  fa) 
^mys,  (b)  dusted  (c)  granules,  (d)  aerosols,  and  fa) 
fumigaiiti.  Spta)w  can  be  prepared  from  a  numiber  of 
liquid  formuiatians  with  various  cariim  such  as  wa¬ 
ter,  OH,  and  odicr  adjuncts  (Table  14*2).  Dusbare 


finely  ground  materials  of  either  undiluted  pesticide 
or  die  pesticide  inixed  with  an  inert  dihienL  Granular 
pesticides  are  soon  pellets  manufactuied  from  ined 
days  that  are  ^prayed  with  a  sdudon  of  die  pesticide. 
Aoosob  are  piesrorized  quays  dat  use  a  propdfant 
to  disperse  the  pesticide,  while  fumigants  are  gaseous 
forms  of  a  pesticide. 

Pesticides  inast  be  formulated  to  fanprove  proper¬ 
ties  sudi  as  storage^  mbdng,  application,  efficacy,aiid 
safety  before  dwy  can  be  used  Forexuiqile^oatain 
ingredients  of  pesticide  formulations  are  designed  to 
increase  watersokfoiUtyfordieiroseasdihited  sprays, 
or  incorporated  into  solid  natrkcs  for  dieir  use  as 
granules.  ThetcsuItingproduct(orfoniiulation)in- 
chides  riot  only  chemicals  (in  pure  or  techiiicahgnfafo 
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TABLE  14-2 

FORMULATIONS  OF  PESnODE  SPRAYS 


FonmlatkMiType 


EmulsifiaUe  concentrate 


WetUUe  powder 

Flowable  or  sprayabie 
suspension 

Water-soluble  powder 

Oil  solution 

UItra4ow-votuine 

concentrate 


DcfinUlM 


Concentrated  oil  sdution  of  lechnkal-gnde  pesticide  to  which  an  cunilsiSer,  a 
deteigent-hke  material,  is  added.  When  added  to  water,  the  emulsiher  causes  the 
oil  to  disperse  unifonnly. 

Pesticide  dusts  to  which  a  wetting  agent  b  added  to  facilitate  the  mhdi^  of  the 
powder  svUh  water. 

Blend  of  a  tedmkal-grade  pesticide  tvith  a  dust  diluent  and  a  sntail  quantity  of 
%rater.  Thb  (indy  grouiKLtvetfbctnulaiion  mixes  weQwids  water. 

Finely  ground  tedtnkal-grade  pesticide  that  dbsotves  wrhen  added  to  water. 

Tcdutical-grade  pesticide  dissolved  in  oil  and  applied  as  an  oil  qrray. 

Technical-grade  pesticide  dissolved  in  a  minirtuim  of  solvent  Theh^ 
concentration  of  the  pesticide’s  active  ingredient  (usually  >  50%)  b  applied  via 
ydalgroutrd  or  aerial  equipment  that  greatly  reduces  the  vohune^pesticide 
formulation  apfrfied. 


fbraO  that  are  active  as  pesticides  but  also  diemicab 
that  are  inaedve  (or  po^  effective)  as  pesticides. 
Inactive  or  inert  ingredients  also  include  chemicab 
that  are  added  to  tfte  pesticide,  and  are  intended  to 
improve  its  distribution  aiui  use.  In  thb  context  tfte 
term  inert  refers  to  the  pesticide's  activity  against 
^redfic  pests  and  e  unrelated  to  the  chemkaTs  inher¬ 
ent  potential  toxidty  to  other  spedes,  tnduding  hu* 
mans.  For  example;  die  formulation's  carrier  (or  ve¬ 
hicle),  included  to  enhance  the  solubility  in  water, 
may  be  a  petrdeum-based  product  that  hM  no  direct 
on  the  pest  but  which  could  be  a  hazard  to  diose 
who  apply  the  pesticides  if  they  ivere  to  use  die  prod¬ 
uct  imfwojperly. 

Tcdiiikal<Grade  ONaponento 

Most  pesdddes  ate  produced  through  a  series  of 
complex  chemical  reactions  diat  eventu^  reailt  in 
diemkally  impure  mbetures  of  reactionproducts.  Even 
when  diank^  pure,  chonkab  are  used  to  initiate 
die  industrial  process  reactions  for  development  of  the 
final  pesticide,  and  die  resultant  product  mixture  b 
dien^tiy  diverse.  Similarty,  naturally  oocurriitg 
pesticides  extracted  from  bkrfo^eal  sources  are  chemi¬ 
cally  conylex  mixtures  widi  comparable  pltyskal  and 
chemical  solvent-extTaction  characteristics. 

Tcdmkal-gnde  pestkide  products  are  complex 
diemkal  mixtures  that  have  been  developed  and  li¬ 


censed  for  tneorpotation  into  commercial  pestidde 
formulations.  Technical-grade  products  contain  mt- 
merous  rdated,  intermediate,  p^uedon-ptooess-as- 
sodated  compounds.  Hie  production  of  diemkaDy 
pure  organk  cooqpounds  b  technically  difficult,  ex¬ 
pensive,  and  usually  imnecessaxy  to  affi)rd  aooepl^ile 
practical  activity  bx  use  against  pests.  As  a  result, 
technkal-giade  production  diemi^  are  often  used 
to  formulate  pesticides  and  therefore  often  demon¬ 
strate  chemical  inqwrities.  Tcchnkal-gradeprodacb 
derived  from  controlled  chttnical  reactions  confoemto 
a  langeofchemical  diversity.  The  acceptable  range  of 
product  purity  b  defined  iy  the  manufseturer's  de¬ 
sign  quality  oontnd  specifications  for  cech  intended 
use.  As  a  result,  diemkal  mixtures  generated  for 
incorporation  into  pestkide  formulations,  or  subse¬ 
quent  sale  for  use;  usually  demonstrate  a  degree  of 
acceptable  variabi^  in  ihe  final  product 

It  b  inqientive  that  heslfiicare  providers  recognize 
that  pestiddes  are  usually  impure  mixtures  resulting 
from  pfoduction-prooess  chemicab  that  have  been 
cooibfried  wttfi  odicr  dtemkab  to  produce  the  final 
formulation.  Assudi, 'pestiddes*  arenotmhtaicsof 
pure,  ehemkallydbaeto  unreacted  compounds,  but 
are  technical-grade  quality  mixtures,  snd  have  sol- 
venb  or  other  dieminih  added  to  intyrovcdicir  db> 
perskm  or  solubility  properties. 

Siintlaity,RbioiqxMtatitforliesldicareprovklcrtto 
recognize  fiiat  pesticide  products  stored  bc3tond  die 
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stated  sheJfliie  or  released  into  the  envinHunent  might 
be  contaminated  with  decomposition  products.  The 
presence  of  tedmicatgrade,  intermediate  compounds 
or  degradation  products  can  substantially  alter  the 
toxic  ejects  of  dte  chemical  mixture  Cin  comparison 
with  the  pure  compound)  on  biolo^ca!  systems. 

The  comjdexity  of  potential  proUems  can  be  fbrmi- 
daUe.  Forexample,theuseofchiordaneasatenniticide 
in  structures  owned  1^  alt  military  services  was  dial- 
lei^ed  on  the  basis  possible  long-term  sequdae 
among  potentially  expos^  military  members  and  de* 
pendotts.  AO  services  were  recjuired  to  determine  the 
extent  of  use  of  chlordane  on  every  mstaHation,  aird  to 
define  the  possiUe  extent  of  exposures  of  aU  family 
members.  Itbecameimmediat^appaientfiiatsam- 
pling  aird  analysis  for  chlordatie  products  required  defi¬ 
nition  in  Older  to  evaluate  the  possSiiiity  for  eiqxrsute. 

The  oommerdal  pesticide  ptodud  chlordame  is  a 
oonqrlex  dwmical  during  bodi  its  production  and  its 
environmental  degradation  (Hguie  14-1).  It  is  an 
example  of  die  ooiiqxrsition  of  a  tedmical-grade  pesti¬ 
cide.  The  product  b  no  longer  registered  sale  to  the 
public,  but  it  is  extremely  persisfent  in  the  environ- 
menL  As  a  result,  it  became  the  focus  of  substantial 
mOitaiy  interest  during  die  1960s.  The  controversy 
concerning  potential  acute  and  chronic  healdi  effects 
of  this  piodud  on  militaiy  members  and  their  depen¬ 
dents  win  probably  coiitiitue  to  resurface  periodically. 
Therefore,  a  review  of  the  diemical  composition  of 
chlordane  serves  both  as  a  point  of  histofkal  interest 
and  as  a  practical  demonstration  of  the  complexity  of 
human  exposure  and  health-risk  detenmnadoa 

Toxicological  testing  of  several  of  die  individual 
components  has  resulted  in  the  assignment  of  differ- 
endal  human-healdi  risks  fiom  exposure  to  die  sepa¬ 
rate  compounds  of  technical-grade  diloidane.  For 
example,  both  dilordane  and  heptachlor  demonstrate 
variable  degrees  of  activity  at  die  same  target  organs 
(ie,  both  are  potential  hepalotoxins).  Repoi^ddfer- 
ences  in  acute  toxicity  in  rodents  usually  indicate  that 
heptadilor  is  approximately  5-fold  mote  potent  than 
diioixlane.  In  addition,  heptachlor  has  been  recog¬ 
nized  as  a  substantially  more  potent  cardnogen  thim 
dilordane.* 

In  addition  to  the  cotioern  for  environmentaldegra- 
datiofi  over  time,  the  ledtnical-gFade  composition  of 
dilordane  had  been  repotted  to  chaiige  widi  time. 
Focmulatiofit  of  dilordane  produced  bdbie  1951  arc 
known  as'earlychlordane'’  The  teoqioral  differences 
in  specific  cornposition  of  tcduiical  grade  may  be 
rdaied  to  differences  between  die  inddence  of  it' 
ported  iiepatoinainiiiiceinl977tol979aiid  1909.  The 
later  studies  have  failed  to  demonstrate  an  increased 
inddence  of  hepatoma  reported  in  earlier  studies.* 


Toxicrdogical  and  bicdogicalacdiity  associated  with 
chemical  stereobomeis  of  the  same  chemical  moiety 
havebeendcxumentedfornuiiierouscompounds.  As 
an  example,  the  acute  toxicity  of  permethrin  is  directly 
correlated  ivith  diects//nnts  ratio,  with  most  mamma¬ 
lian  toxidty  attributable  to  the  cb  Bomer.*^ 

Thebest-recognizedexami^isprobaUydieunde- 
sraUe  human  toxidty  associated  with  exposure  to  an 
ixtterine<liate,tmwaii^coiitamitiationpi^udfouiid 
in  a  technical-grade,  market  formulation  of  Agent 
Orange  Qigure  14-2).  An  intermediate  compound  in 
the  p^uction  of  the  herbicide  2A3'4rich]ofoplienol 
(2,43*T)  was  found  to  cause  a  posidve  teqxMise  in  die 
rabbit  ear  toxicology  evaluation.*  The  compound  that 
was  subsequently  identified  as  the  cause  (rf  chloracne 
in  humans  and  hyperkeratosis  in  livestock  was  the 
contaminant  2,3,7,8'tetrachlorodibenzo-p-dioxiii 
(TCDD).  ThechemicalTCDDisanundesiredieaction 


14-1.  A  chromalograni  is  produced  during  (he  analysis  of 
cnioni8nc  cn  wpcm  iiwnHMnom.  wjratu  imew  iwots* 
oomplix  composition.  Tedmicalgrade  chlmdane  has  beoi 
kfentifiedandsclecdvelydsfiiiedfcircointwundkigilification 
by  the  ratio  of  the  pswrotagr  composition  of  fourof  the  major 
eornporwsitste  die  mfahafc  The  four  mayor  conycsieats  are 

CiCCXiVBy  HOOCO  Ar  D/  W  wQ  iWllOa  On  IflCir  IfUCTIDOII 

tirau  fromshortesttolongesCiqpectivrfy— oslngcarefully 
picscr9>cdchfDfnalogrtyhicspKifications.FBtkAisano(iicr- 
wise  ontpedfied  chmical  sofaslasioe  known  as 'oornpound 
C'  Peak  B  leprmnU  the  chemical  compound  hepUxhIor, 
peakCiepreseiHslraws-dilo(dane,andpeakDitpfejtnbcu- 
cMoidme.  If  die  ratio  of  peaks  A^B/CfO  ippioidmales  OB 
(range  0i4-1j6),  die  sample  is  accepted  as  rrpresenUtive  of 
tsdmical-gmde  chlordane 
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a  2.40 


k  2.4>T 


Fi§.  14-Z  Agent  Onage-  The  chetnVal  alnictuics  of  the  heihiddes  (a)  dkhkxophenoocyaoetic  acid  and  (b)  2^3* 
tiicMoiqpli«na>tyaoflicacid<2A3-T>;(c)rcprejent5tiie8tnictuieoftheiindotobleiH>ennediitedtodacoi>tainin«nt2^7.^ 
Mnclikmdteiz(>^NliaRin(liCTn^  ^ 


product  identified  fai  the  productioD  of  phenols  and 
hexadilorophene,  whidi  is  now  often  diemicaHy  re> 
nioved  from  tedinkal-gtade  products  befoce  they  are 
formulated.  TQX)  has  neidter  pesticide  nor  phenol 
activity.  It  is,  however^  by  sdotUfic  consensu^  dte 
chemi^bdieved  to  repfesent  the  main  healtfi  hazard 
associated  with  etqxjsure  to  Agent  Orange.  Anodter 
example  of  undedtaUe  reactions  associated  arith 
unreacted  chemical  intennediates  %tfas  the  dennal  and 
respiratory  toxicity  identified  for  the  chemical 
hexadilorocyciopentadiene,  a  contaminant  of  early 
chlotdane.  Specifications  fordikHdaiteprodtKed  after 
1951  limited  hexachIorocyciopentadk»e  concentra* 


tions  to  less  dian  1  %,  with  a  resuitant  dedine  in  acute 
adverse  dermal  and  re^)iratocy  cfiects.’ 

In  addition  to  reoognbing  the  difierencesintmddty 
between  separate  CDoqpoonds  in  die  rnaiheted  pesti¬ 
cide  formulalion,  it  is  important  to  recognize  die  pos- 
sibiliiy  for  diemical  interactions  that  may  result  in 
exposure  consequences  for  an  individuaL  Inselected 
cases  of  patient  poBonb^  healthcare  providers  rtuy 
be  requ^  to  carefully  review  the  available  toxicol¬ 
ogy  database  for  a  pesttdde  to  determine  if  die  testing 
has  been  done  on  die  isolated,  separate;  chemical 
components,  tedinkal-grade  chemkab,  or  pesticide 
fomiulations. 


CLASStFICA-nON  AND  TOXICITY  OF  PESnODES 


Pesticides  imtst  be  approved  for  use  by  and  regiS' 
teredwididieEPA.  They  cen  be  dassified  in  numer¬ 
ous  ways,  induding  didr  mechanism  of  action  and 
dieir  dionical  structure. 

Pesticides  do  not  necessarily  kiQ  pest^  but  in  fact 
may  kOtiepd,  or  attract  diem  (Exhibit  14-1).  Fesd- 
ddo  are  alro  used  as  plant  regulatocs,  defoliants,  and 
desiccants.  Socnepfs»-ickie3  are  used  asdiowostfriknte, 
vdiidi  prohfott  or  fimit  propitiation  of  the  next  pest 
genetadon.  Growth  rt:fpiktors  retard  the  growdi  of 
plantsandfaisects;dr^ifiiR(sremovedieleavesof^ants; 
and  dtsiaanfseriluiiixdiedestroctivediyii^of  plants. 
Even  mtimkrohkb  (vdiidi  indude  disbifoctants, 

ddesand  must  be  le^slered  with  Hie  EPA.  Hovrever, 
for  purposes  of  diis  chapter,  the  word  pfsticidf  is  used 
initsmofetraditiofialsenteandislim^todieina|or 
calegorieK  insecticides,  rodendddcs,  and  herbicides 
(Table  14-3). 

Specific  loxioological  evaluations  to  idend^  poten¬ 
tial  adverse  biopiedical  responses  diat  could  afiect 
woitos  who  appfy  pesticides,  die  general  public  and 
die  environment  are  required  bd^  die  EPA  will 


EXHIBIT  14-1 

CLASSIHCATION  OF  PESTICIDES 
BYACnVITY 

AntphS^  and  reptile  poisons  and  repellents 

Antiniaobia!  ageids 

Attnctants 

Bird  poisons  and  repdlenls 

DefdUants 

Destaants 

FUi  poisons  and  repellents 

S* -s-r-l  — 

mrigiOQci 

Heibiddes 

Insecticides 

Invcitcbrale  animal  poisons  and  repdlenls 
Mammal  potams  and  rtpdknU 
riant  regulators 
Rodcnttddes 

OOllSCjOCm 
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TABLE  14-3 

CATEGORIES  OF  PESTICIDES 


Categoiy 

Imsecticides 

Chlorinated 

hydiocaitons 

Of]ganopho^>hates 

Caibamates 

Fotamidines 

Dinitrophenob 

Oi]g«ioiins 

Botanicals 

Pyrethioids 

Symeigists 

Inorganics 

Fumigants 

Mkrobiab 
Insect  growth 
regulators 
Repellents 

RodemtkUes 

Vhosfhonts 

Coumarins 

Indanediones 

Botankals 

Organochlorines 


Example 


Category 

HeHHcUet 


Example 


1X3T,  lindane,  aldrin,  chlordane 

malathion,  naled,  didilorvos, 
parathkm 

caibaryl,  propoxur,  eaifaofman 
chloidimefomv  amitraz 
dinitroaesd,  dinoseb 
c^iexatin,  fenbutatin-oxide 
pyiethnon,  nicotine,  rotenooe 
aUedvin,  d-phenodirin, 
fenvalerate 

pipetonyl  butoxide,  MGK  264 
sulfur,  arsenic,  boron 
mediyl  bromide,  ethylene  oxide, 
eth)dene  dibfomide 
BtctUus  Omringiensis,  Hdiothis 
roedtoprene,  difiubenzuion 

diethyl-m-tduamide  (DEED 


Inorganic 


ammonium  sulfate,  sodium 
tetraborate 


Organic  arsenicak  caa)d^acid,disodium 

ntedianeanonale 

Phenoxyaliphatic  acids  2,4-0: 2,45*T;si]vex 
Substituted  amides  propaniI,dq)henamid,aiachlor 

Nitroanilinesaitd  beneEn,  trifhualin,  monuron. 


substituted  ureas  diuton 
Carbamates  prDpham,teibucaib 

Thiocaifaainales  pebulate,methain,but)date 

Heterocyclic  itibogens  atrazine,simazine;prometon, 
pidoram 

Aliphatic  acids  dalapon,  trichloroacetic  add 

CICA) 

Aiylaliphatic  adds  dicamba,  dimethyl  tetrachloro- 

terephthalatelDPCA) 


Phenol  derivatives  dinoedr,  pentadilorophenol 

Substituted  nitriles  dichlobenil.  bromoxynil 

Btpyiidyliums  diquat,  paraquat 


zinc  phosphide,  ydlow 
phoq>horu$ 
warfarin,  fumarin 
piiulone,  diphaditone 
red  squQl,  strychnme 
cndrin 
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register  a  pesticide.  A  number  of  specific  types  of 
toxicological  evaluations  are  considaed  before  EPA 
legistfation  and  as  an  integral  part  of  the  AgetKy's 
ongoing  review.  Tbedasskaldescriptivetodmlogi- 
cal  tests  are  customarily  divided  into  two  broad  cat¬ 
egories:  acute  or  chronic;  based  on  fire  duration  of 
exposure  to  the  administeied  toxicant  under  study. 

An  acute  toxicological  evaluation  is  based  on  mea¬ 
sured  biological  te^xmscs  to  a  siitgle  dose  (or  ooca- 
skmaDy  sev^  doses)  of  a  test  coo^ourrd  wifiiin  «  24- 
hourperiod.  When  the  toxicity  ofaoompoimd  is  low, 
the  neoeseaty  volume  to  addeve  fire  required  dose 
often  cannot  be  adminktered  as  a  single  dose,  but 
must  beadmirristeted  in  repetitive  doses  given  within 


that24-hourperiod.  Hreobservationperiodfollowing 
exposure  b  customarily  7  days,  but  effects  tray  be 
recordedforuptoseveralwedafollowingtfieadiniii- 
btration  of  acute  exposure  doses  in  sdeded  ciraim- 
stances.  Themostoominonaculestudiessimply  record 
lethal  effects;  however,  some  studies  record  observa¬ 
tions  of  toxic  signs  such  as  ataxia,  fcediirg  difficulty,  or 
lethargy.  (Ukettsuseindinicalixredidne;a''sign‘'in 
aniirul  studies  b  defined  asa  dbcieleevetd  fitttcanbe 
seen  by  the  observer.) 

Toadc(4ogk3defiecbareeifiierqt«nfi<moraMfitm^ 
responses.  Aquantumre^K)nsebadbcretc>,yesorrK>, 
an  or  ncme,  Tiuinetk  pherromenon  such  as  lethal  out- 
ooore.  A  oonfimtum  response  b  a  graded  response 
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associated  withanonnaI,or  accepted, numerical  range 
as  wdl  as  abnormal  levels  (th^  that  are  reported 
out^ethenomtal  range,  suchas  quantitathreconcen* 
tratkms  of  enzymes  identihed  in  a  sample  of  whole 
blood). 

The  EPA  requires  carefully  controlled  perfonnaiKe 
and  documentation  of  acute  lethality  studies,  using 
sdected  animal  modris,  before  a  pesti^e  product  can 
be  registered.  A  spedfk,  acute,  toxic  response  to 
exposure  required  by  the  EPA  is  the  LOgg  (the  dose  of 
the  pesticide  that  is  lethal  to  50%  of  the  test  population 
of  animals  underspecified  test  conditions).' 

Other  types  of  toxicdo^ca]  evaluations  tha  t  may  be 
useful  during  the  EPA  registration  process  require 
repetitive  admiiustratum  of  test  doses  of  the  pesticide 
over  progiessix’dyiiKreasing  periods  of  time.  Based 
on  the  duration  repetitive  dosing,  toxicology  tests 
have  been  categorized  as  subacute,  subdued,  or 
chronic  Subacute  toxicolpgical  evahiatkms  employ 
repeated  administration  of  dosesof  the  test  compcMiivd 
overa  duration  of  several  days  to  1  month.  Subduonic 
evahiatkms  are  defined  as  repetitive  exposures  ad¬ 
ministered  over  a  period  of  1  to  3  months,  while 
chronic  studies  require  administiation  of  the  toxicant 
for  longer  than  3  monfiis.  While  subdironk  evalua¬ 
tions  are  customarily  used  to  identify  effects  of  long¬ 
term,  low-dose  exposures  on  target  organs,  both 
subchroTuc  and  chroruc  exposures  often  focus  on  the 
occurretKeofcardnogenidfyasthemeasuredreqxmse. 
A  common  form  of  duonic  foxkxrfogkal  study  is  the 
2-year,  rodent-lifetime  study. 

Several  additional  kinds  of  evaluations  may  be 
required  for  scientists,  regulators,  and  health  prc^es- 
siorals  to  more  completely  assess  potential  pesticide 
toxidty.  These  evaluations  indude  screening  tests  for 
the  in  vhro  or  in  vitro  dianges  in  genetic  nuterial  that 
could  subsequently  be  associated  with  posstble  carci¬ 
nogenic  sequelae.  Of  these  studies,  the  most  com- 
numfy  performed  screening  tool  is  the  Ames  test  In 
fills  test,  the  use  of  a  ^xdfic  strain  of  histidine-requir¬ 
ing  bacteria  allows  scientists  to  measure  dianges  in 
growth  and  replicative  ability  of  the  organisms  after 
exposure  to  the  test  compoi^  (see  ate  Qiapter  9, 
Explosivesand  Propellants).  Asanadjunctextractsof 
rat  liver  homogenate  are  added  to  the  usual  culture 
media  to  simulate  file  hepatic  metabolism  of  the  test 
material  in  the  '’activated”  Ames  test 

In  simpUstic  terms,  positive  findings  reported  from 
the  Ames  test  result  horn  the  interaction  of  genetic 
materials  and  the  test  pestidde  or  its  activated  prod¬ 
uct  Positive  results  are  recorded  following  an  in¬ 
creased  number  of  bacterial  colonies  (genetkalfy  al¬ 
tered  dones)  on  the  test-compound-tieated  growth 
media,  idien  compared  wHh  the  number  of  colonies 


recorded  on  the  control  baderial-growth  medium.  In 
other  words,  the  potential  of  the  test  compound  to 
affect  genotoxk  alterations  is  recorded  as  an  increase 
in  the  number  of  colonies  on  the  histidine-defident, 
test-compound-treated  media,  compared  to  histidine- 
deficient  control  culture  plates. 

Other  forms  of  posside  toxicological  evaluations 
indude  assessments  for  potential  skin  or  eye  effects 
(the  rabbit  Draize  test),  reproductive  effects  (dominant 
lethal  or  multigeneration  tests),  and  human  effects 
(patch  testing  or  epidemiological  studies).  The  ap¬ 
proved  uses  and  cumulative  toxidfy  reports  associ¬ 
ated  tvifii  any  specific  pesticide  are  monitored  as  an 
ongoing,  continuous  EPA  administrative  |»oce^  As 
a  result  of  these  routine  reiiews  or  pestidde-use  com- 
I^aints  from  the  general  puMk,  a  pestidde  product 
registration  mayterevised  or  revolt  lotted  on  accu¬ 
mulated  toxicological  data  and  human  epidemk^o^ 
cal  experience. 

Both  acute  and  duonic  adverse  health  effects  from 
a  host  of  posdUe,  likdy,  presumed,  and  confirmed 
pestidde  exposures  have  been  reported  in  humans. 
When  applM  to  the  circumstances  surrounding  hu¬ 
man  exposures,  and  subsequent  effects,  the  difteren- 
tiatkm  between  acute  and  chronic  human  health  ef¬ 
fects  is  based  on  the  total  frequency  andduration  of  the 
exposureprofik.  Acuteexposureeffectsarethosefiut 
occur  after  short-duratkMi,  high-concentration,or  high- 
potency  exposures.  This  type  of  exposure  usually 
resuItsfrcHncutaneousoontactdiiringimproperappli- 
cation  or  handling  of  the  more  potent  petidde  prod¬ 
ucts.  CTironicexposuresoccuroverextendedpoiods, 
with  the  slow  accumulation  of  the  pestiddeultimatdy 
resulting  in  signs  or  symptoms  of  exposure.  CTironic 
poisoning  can  occur  as  a  result  of  partial  failures  of 
PPE,engineeringcontrok,<»’Workercomplacenqr.  As 
a  result,  repeat^  exposures  to  dilute  or  rdativdy 
nontoxk,  but  biologicaify  cumulative,  pesticide  prod- 
uctscancausechronicpoiscninginpestiddeappiicdois. 

‘XTironic  poisoning”  b  not  coinparable  to  the  term 
”chrDnic  health  effect”  The  health  effects  associated 
with  duonk  poisoning  may  vary  between  transient 
totally  remitting  sgns  or  symptoms  and  permanent 
adverse,  health  sequdae.  For  example,  one  idio  en¬ 
joys  gardenii^  could  suffer  exposure  to  ddordane 
rdaii^  in  previously  contaminatedsoiL  Asaicsultof 
file  accumulated  dose  from  exposures  over  time,  the 
gardener  could  devdeqra  nonqiedfic  convulsive  dis¬ 
order.  Correct  diagnosb  and  removal  fiom  sifiise- 
quent  exposure  could  result  in  complete  recovery  with- 
outadversesecpidae.  In  comparison,  a  chronic  health 
effectbapersistentpossibfyunremittir^coosecpience 
of  either  acute  or  duonk  exposure. 

Individuals  who  have  adverse  effects  after  dfiier 
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acute  or  chronic  exposures  are  routinely  reported  in 
the  medical  literature  in  the  generic  category  of  ''pes¬ 
ticide  pdsoning."  Information  gleaned  from  animal- 
toxidty  studies  must  be  combii^  with  the  reported 
human  health  effects  horn  pesticide  exposure  to  com¬ 
pile  comprehensive  disease  prevention  attd  medical 
caieprograms.  Data  from  bothaiumal-toxidtystudies 
aitd  reported  human  health  efrects  provide  clinically 
useful  information  for  employee  occupational  health 
promotion  and  s/mptomatic  patient  management 

Management  of  both  asymptomatic,  healthy  work¬ 
ers  and  symptomatic,  poisoned  workers  can  be  spedfi- 
cally  tailored  for  the  individual,  based  on  the  l^wn 
chonical  composition  and  associated  toxic  efrects  of 
the  pesticides  in  question.  Essential  mformation  re¬ 
lated  to  biological  monitoring,  medical  surveillance, 
patient  examination,  and  medical  nunagement  can  be 
recommended  and  provided  using  avaUable  cumula¬ 
tive  data.  However,  healthcare  providers  must  exer¬ 
cise  caution  w’hen  human  experiences  with  the  pesti- 
cide  products  are  limited,  or  when  toxicology 
infoimation  is  indirectly  extrapolated  from  animal 
data  without  tefereiKe  to  compound-specific,  rdati  ve 
inter^jedes  variability. 

In  %vorkers,  acute  toxk  or  chronic  exposure  effects 
can  occur  during  manufacture,  formulation,  mixing, 
or  application  of  pesticide  products.  If  short-tenn 
exposures  to  high  pesticide  concentratkms  occur,  the 
symptomatic  oitset  of  poisoning  is  usuaUy  rapid  and 
osily  correlated  %vith  ^  coincident  exposure  profrk. 
In  contrast,  when  rdativdy  low-dose  exposures  occur 
over  prolonged  periods,  the  pathophysiotogical  re¬ 
sponses  from  the  duoiric-cxposure  prcrfHe  may  be 
extremdy  difficult  to  correlate  dinkally  with  pesti- 
cide-assodated  sequelae.  Forexam]:^,theetiol(^of 
seizure  activity  associated  with  acute  poisoning  dur¬ 
ing  pesticide  application  is  rather  easily  identifred 
during  a  cursory  history.  But  the  cumulative,  chronic 
retention  of  pe^kide  residues  may  not  be  recogtrized 
as  the  cause  of  seizures  in  the  gaidetter  who  experi- 
erKCS  subtle,  prolonged  exposures  to  carbamate 
pestkidesduring grounds mainterrarKe, but  who  does 
not  display  the  usual  associated  acetykhedinesterase 
depres^n. 

Workers  associated  with  pesticide  applkatiorv  the 
general  population,  and  the  envirorunent  can  be  af¬ 
fected  dthv  acutdy  or  chronically  by  exposure  to 
pesticide  products  or  residual  products  of  degrada¬ 
tion.  Qm^biomedicalrespcmsestolow-levellong- 
teim  exposure  ptofrles  may  range  from  ix)  apparent 
ad  verse  healffi  topact  to  overt  dinkal  signs  of  poisoir- 
ing.  Thepossibili^ofchronkhealth  impactsr^ting 
from  subtle  exposures  provides  the  theoretical  and 
philosqrhkal  bases  for  biological  numitoring  and 


medical  surveillance  in  pestidde-associated  workers. 

Pesticides  that  resist  Iriologicai  degradation  or  have 
limited  environmental  translocation  are  said  to  be 
environmentally  persistent;  such  pesticides  can  cause 
subtle,  prolong^  hurrum  exposures.  Theremay  beno 
known  correlation  between  low-level  exposures  to 
residual  pesticide  concentrations  and  kirown  health 
effects.  However,  residual  levels  of  organochlorine 
insecticides  that  have  low  comparative  acute  toxidties 
have  been  associated  with  the  onset  ofseizuies  in  gar¬ 
deners,  and  have  been  predicted  tocauseanincrea^ 
risk  for  cardnogenidty  in  exposed  populations.^ 

Acute  aiul  chronk  adverse  health  effects  based  on 
the  duration  of  exposure  to  pesticides  have  been  re¬ 
ported  in  humans.  Patients  said  to  be  "poisoned"  or 
"intoxicated"  havead  verse  dirucal  signs  or  symptoms 
foUowing  pesticide  exposure.  Acute  poisoning  can 
result  frtm  mixirtg  and  a^^Iying  pesticides,  when  the 
exposure  to  relatively  high  concentrations  of  the  pes¬ 
ticide  cxcurs  over  a  rdatively  short  time.  Obviously, 
thb  type  of  intoxication  is  of  particular  concern  to 
individuals  who  manufacture,  formulate,  or  apply 
pestiddes.  Thesearetheworkersmostlikely  tobeseen 
with  the  chronk  toxk  effects  that  result  from  long¬ 
term  exposures  to  relatively  small  quantities  of  pesti¬ 
cides  that  produce  no  apparent  acute  adverse  bic»- 
medical  efi^  but  which  produce  an  accumulative, 
detectaUe  alteration  with  increasing  exposure  time. 

Workers  who  apply  pesticides  and  those  in  the 
general  publk  who  continuaOy  experience  involtm- 
tary  exposures  secondary  to  enviroiunental  cemtami- 
rution  can  have  adverse  health  effects  from  chronk 
exposure  to  pesticides.  The  publk  trtay  be  exposed  to 
p^tkide  residues  on  foods,  at  work,  during  recre- 
atkmal  activities,  and  in  their  homes.  Pestid^that 
ate  resistant  to  environmental  degradation  may  be 
extremely  persistent  and  thus  may  result  in  prolonged 
exposure  potentials.  As  noted  previously,  the  envi- 
rorurrentaldegradation  products  may  vary  depending 
on  the  spedfk  pestkide  and  environmental  dreum- 
statKes  (such  as  temperature,  soil  type,  aitd  mcHSture). 
As  a  result,  it  is  rtot  posrible  to  make  a  generk  state¬ 
ment  concerning  pesticide  degradation  and  the  pos¬ 
sible;  consequent,  proportional  environmental  toxicity. 

Toxic  Categories  and  Labeling  Reqaimncnls 

When  pe^iddes  are  registered  with  the  ERA,  they 
are  assigned  a  toxidty  category  that  indicates  tiie 
degree  of  toxidty  that  has  been  determined  by  animal 
experimentation  arrd  documented  instaiKescrfhuman 
poisofung.  The  toxidty  dassiffcation  indudes  four 
categories  (I,  n,  m  arxi  IV)  for  each  of  ffve  hazard 
indicators:  three  related  to  the  LO^  associated  with 
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oral,  inhalational,  and  dermal  exposures;  and  two  applied  by  or  under  the  direct  supervision  of  trained 

related  to  topical  eye  and  skin  exposure  eff^  (Table  and  certi^  pesticide  applicators. 

14-4).*  Within  these  categories,  a  particular  pestidde  If  medical  personnel  are  aware  of  the  different 
may  be  highly  toxic  for  one  hazard  mdKator,  such  as  requirements  forEPAiegistiation  and  of  the  spectrum 

the  oral  LO50,  while  it  has  only  a  slight  degree  of  of  potential  adverse  health  effects  that  pesticides  can 

toxicity  by  another  indicator,  su(^  as  the  dermal  LI^  cause,  they  can  provide  better  medical  care  to  patients 

In  cases  where  hazard  iitdicators  differ,  the  most  toxk  who  present  with  ^gns  and  ^mptoms  of  possible 

hazard  indicator  determines  the  official  EPAregistra-  pesticide  poisoning.  Pesticide  labels  must  indude 

tion  category.  medicallyusefulinfocmation,suchasacutetoxicology 

The  EPA  also  requires  the  use  ofsi^naftconls  (DAN-  categorization  and  a  statement  of  practical  poisoning 

GER,  POISON,  WARNING,  CAUTION)  on  labels  to  treatment  In  addition,  medical  surveillance,  patient 
indicatethepotentialhazardofthepesticide.Themost  exarninatkntaiKibiologicalmonitoringcanbeqxdfi' 
toxic  pestiddes  are  classified  as  (^tegcny  I  and  must  cally  tailored  to  individuals  who  may  be  expo^  to 
display  the  sgnal  word  DANGER.  Additionally,  if  pestiddes,  based  on  the  known  toxioolo^cal  effects, 
thbcategoryisbasedontheoraldemulorinhalation  As  a  result  of  possible  diHerences  in  toxicological 
LD50,  the  product  label  must  contain  the  word  PCH-  re^xmses  betwm  species,  hotvever,  care  must  be 
S(^inredonaoonttastingbadcgrouiK!,aikltheskul}-  exercised  when  toxicological  information  is  extrapo- 

and-crossborres  symbol  whidi  is  familiar  to  most  lated  from  the  animal  m^e)  to  patients, 
adults.  Category  II  pestiddes  are  nwderatdy  toxicaitd 
are  labeled  WARNING.  Pesticides  in  Categories  in  Comparative  Hazards 
and  IV  are  both  labded  CAUTION.  With  fw  excep¬ 
tions,  all  pestiddes  are  also  labded, 'Keep  out  of  t^  The  differetKes  between  organofdtosphorus  and 

reach  of  chUdren.'’  organodilorine  pesticides  can  be  used  to  illustrate  the 

The  toxidty  classification  and  corre^xmding  label-  comparalivele%^ofhazardand(herdativepotcn- 

ing  apply  primarily  to  pesticides  on  the  basis  of  their  tials  to  cause  adverse  health  effects  (Table  14*^.  Or- 

acutetoxkity.  If  a  pestidde  is  known  to  cause  signifi-  gaiuKhkirine  insecticides  %vete  used  extetttively  from 

cantduoructoxiceffectsinh'iinansCsuchascardnoge-  the  194Us  through  the  1960$  because  they  were  highly 
nidty  or  teratogenkity),  the  pestidde  is  also  subject  to  efficacious  and  were  generally  less  acut^  toxic  than 

a  restricted-use  class^cathm,  whidi  is  noted  on  the  organophosphonis  compour^  of  the  sante  period, 
label  Thbdassifkation  requires  that  the  pesticide  be  The  orgaiKxhlorine  derivatives  have  recently  f&Ucn 


TABLE  14-4 

Tonemr  categories  and  hazard  indicators  of  pesticides 


Toxidty 

Category 

Hazard  ladicalors 

Signal  Word  oa  Label 

OnlU)» 

mg/kf 

faliaLU>M 

mgfL* 

Dermal  U>. 

^Haiardt 

SUaEffed* 

1  Highly 
lode 

<50 

<02 

<200 

Cortodvc;  comcal  opacity 
not  rpttnMe  7  d 

Cocmivr 

dangoi 

roeONtonlytfCatl 
based  on  Oral  WwU 
andOvrinaitO^ 

11  Modcnirly 
lone 

50-500 

02-2 

200-2^10 

Conical  opacUy  KVfrdble 
within  7  d;  Miatiein 
pmfatingfa'7d 

9wviv  imiMion 
at72h 

WARNINC 

m  Stghtly 

lode 

soo-sm 

2-20 

2tn0-20.000 

NocoRMlopactly; 
MWfamfcvm^ 
within  72h 

Moderate  imt/Kion 
al72h 

CAUTION 

1 

IV  PnctKally 
fwntodc 

sjaoo 

>20 

>20;000 

NobnUtion 

hfOdoril^ 

initatianal72h 

CAUnON 

*Nuinbcr»  bsicd  apply  to  the  pure  subsUnce  only;  dihitiom  may  be  camUcraMy  IcM  toxk 


496 


Pesticides 


TABLE  14^ 

SELECTED  PESTICIDES: 

ACUTE  LETHALITY  LEVELS  IN  RATS 


Pcstidde 

Acnte  Oral  Lcfbaliiy 
(ng/kglOtalLDK) 

Otgmioddmiaes 

IXIT  (powder) 

500-2500 

Lindane 

88-200 

C3i)ordane 

150-700 

Aldiin 

10-74 

Sdiradan 

9-42 

Panthion 

3-30 

Dichlotvos 

46-80 

SouKCK  n)  SiMdi  AC;  CSOoiiMtad  hy<lfoc«rt>on  fawctidito.  fair 
HiyttVnh.i^‘*>»PPlr>*d%.HemSoek«fPtsHddeTmalog!f.New 
Yoric  j\c*d(nk;  FRm^  HanxNift  Bracr  Jcmnovklt;  1991 ;  Clwp  1  5l  (2) 
<MoMAUwTyfcNI;Oqp«fcplwitilio*owpw>iddti.ln:H«ye»W} 
Jr.l^Mnjr.c^HMiAnAtffMjciATanaifaijjr.NmYarlcAah 
«l(iak  IYcm.  HMcourt  Btk*  Jowanovkli;  I9n:  Chap  16. 


into  disfavor,  however,  becatae  of  their  peraistence  in 
the  environment,  tendency  for  bioKcuxnuIation  with* 
in  the  food  chain,  tendency  to  accumulate  in  human 
tis5ues,andpossiIdepotentialtocause  human  carcino¬ 
genicity.  Commonly  used  organochlorine  pesticides 
^  the  carty  periods  of  production  and  use  included 
DDT,  litKlaiw,  aldrin,  aitd  diloidane. 

An  example  of  the  perceived  safety  of  fee  ofgano- 
dilorine  daw  of  pesticides  is  demortstrated  by  the 
large  rramber  of  sderttific  studies  directed  toward  the 
evr^tion  of  DDT pharmacokinetics  after  oral  admin- 
istntioninhurrums.  DOTwasadministercdtohealfey 
hurttan  volunteers  in  single  doses  as  hi^  as  1,500  mg 
and,  in  separate  studies,  repetitive  dc^  of  35  mg/ 
petson/day  for  18  months. 

In  oonti^  many  of  the  early  organopho^feorus 
compounds  weiefourtdtobehi^rlytoxicdurir^acufe 
exposure.  Someweteproduced  as  weapoirs  byseveral 
countries  as  nerve  agents,  a  class  of  chemical  warfare 
gases.  Despiteti)eirdemonstratedpotency,severaIof 
tire  early  ocganophosphorus  compounds  were  devd- 
opcd  and  used  as  medications  for  treatment  of 
myastitenia  gravb  «trd  glauooma.  When  the  envi- 
foiunental  persistence  ar^  the  poasibiltty  of  adverse, 
cumulative  toxkity  of  the  orgarxxhlofine  compounds 
were  recognized,  however,  tiieir  use  fdl  into  disfavor. 
Less  toxic  organophoqrhotus  compounds  were  sub¬ 


stituted  because  of  their  mote  rafrid  environmental 
biodegradation  and  increasing  availability.  Later,  se¬ 
lected  carbamate  pesticides,  which  were  less  persis- 
tentaixi  nnorespecifkagaiiut  the  targeted  pests,  were 
substituted  for  many  <rf  the  otganophoqfeorus  coBi- 
pouitds. 

Hazard  as  a  Fandkm  of  Toxicity 

The  toxicity  of  a  pesticide  is  not  synonymous  wife 
the  hazard  associated  wife  use  of  the  chemical  The 
hazard  involved  in  the  application  of  a  pesticide  is  a 
result  of  the  interactions  among  three  dements:  toxic¬ 
ity,  exposure,  and  time.  This  relationship isexpressed 
by  the  equation 

Hazard  =  Toxidty  •  Exposure  •  Time 

«vhere  heamf  is  the  risk  of  pesticide  pobonii^  faxiinly 
is  a  measure  of  the  pesticide's  potential  for  harm/ 
erpostire  b  a  multivariate  function,  and /tine  is  associ¬ 
ate  wife  the  cumulative  dose.*^  In  addition  to  time, 
the  exposure  dosage  is  dependent  OR  the  physical  state 
of  the  pesticide  formulation,  apf>Iicati(m  tedmiepue, 
and  degree  of  prerscmal  pnotection.  The  cumulative 
association  between  the  expwsure  coitoentration  and 
the  duration  of  the  expxKuie  b  often  called  the  expo- 
suredosageandbexpnssedbytheabbreviationOfie, 
coHcentration  •time),  ifanyoffeethreevariablesonthe 
tight  side  of  fee  equation  equal  zero,  the  hazard  also 
etptabzcfo. 

Althoughapestidde'stoxidty  can  itever  actually  be 
zero,  sdection  of  an  ap)p>ro|>riate  formulation  can  re¬ 
duce  the  associated  haz^.  Tcndd^canbedecreased 
by  sdectir^  a  p)esticide  wife  U)  a  lower  dermal  toxic¬ 
ity,  (5)  a  less  toxic  formulation,  and  (c)  a  knver  concen- 
tration  for  ap>pliGition.  As  a  practical  exampile,  a  rda- 
tivdy  toxkr  pesticide  could  represent  a  diminished 
hazaixl  if  it  b  apqTlied  in  a  very  dilute  form  or  in  a 
formulation  that  lestricbibsIdnabscNptionpxKentiaL 

It  b  pmssiUe  to  reduce  the  hazard  of  application, 
based  cm  the  hazard  equation,  in  several  firacHcal 
ways.  For  example,  a  pwkkideapipiticator  could  dect 
to  substitute  malathion  ft>r  parafeim  in  an  eradication 
eftbrt  As  another  exampAc;  the  use  of  ap>pKO{)riate 
engineering  controb  or  PFE  would  serve  to  decrease 
the  expx)sure  and,  tiierefote,  diminish  the  hazard. 

Thephyskalstateofaptedickle'sfonnulationinflu- 
enccs  fee  degree  of  hazaM  associated  with  fts  use.  In 
generaLsolidsarelesshazardoustlCnliquids.  Liquid 
emulsifiable  concentrates  are  probably  the  most 
widdytisedfonnulatioRs,butfeiMcanpo8es%nifi- 
cant  hazardsdue  to  thehi^ily  flammablesohfenb  tiiat 
may  be  in  fee  {)rDduct.  The  presence  cd  sdvenb  may 
resdt  in  an  inaeased  |x>ten^  for  dermal  abaorption. 
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Of  the  liqitid  formulations,  solutions  penetrate  skin 
more  readily  than  suspensions."’ 

The  exposure  potential  and  correlated  hazard  po¬ 
tential  are  related  to  both  the  physical  state  of  the 
pesticide  formulation  and  the  application  technique 
employed.  To  miniatize  the  hazard  potential,  the 
techniques  and  equipment  should  allow  the  pesticide 
to  be  directed  as  accurately  as  possible  at  the  pest  and 
should  minimize  the  pelade's  unwanted  drift  or 
movement 

Indoor  pesticide  applications  present  greater  expo¬ 
sure  potentials  to  both  the  applicator  and  the  occu¬ 
pants.  Pesticides  that  are  cor<sidered  extrenwly  haz¬ 
ardous  should  not  be  used  indoors,  especially  if  the 
product  label  does  not  contain  the  indoor  application 
site. 

Pcstidde  Selection 

While  efficacy  Lsa  major  consideration  in  the  selec- 
tkm  of  a  pesticide,  selection  should  be  influenced 
equally  by  the  mherent  hazard,  of  which  the  acute 
toxici^  of  the  active  ingredient  plays  an  important 
rote.  One  simple  method  to  evaluate  the  suitability  of 
several  pesticides  is  to  compare  the  ratio  of  mamma¬ 
lian  to  p^  toxidty.  The  higher  the  ratio  of  the  LI^  for 
a  mammal,  such  as  a  rat,  aivl  the  lower  the  LDjo  for  a 
given  pest,  sudt  as  a  German  cockroach,  the  lower  the 
potential  hazard  for  humans.  That  is,  the  higher  the 


mammalian  LD50,  the  safer  the  product  may  be  for 
humans,  while  the  lower  the  LD50  for  a  pest  species, 
the  less  active  ingredient  may  be  required  to  control 
the  pest  Although  toxicity /efBcacy  ratios  providean 
indication  of  rdative  hazards,  th^  do  not  provide 
information  on  the  effectiveiKssofthepesticideagainst 
the  pest  in  the  field. 

Other  fiudois  that  influence  the  level  of  control  that 
is  achieved  for  a  specific  pest  population  indude  the 
pest's  resistaiKe  to  the  pestidde,  the  application  tedi- 
ttiques,  and  the  type  of  surfaces  treated.  Fbrexamf^, 
military  use  of  the  pestidde  d-phenothiin  was  seri- 
misly  hampered  when  codooadi  resistance  to  this 
pesticide  was  found.  The  application  of  pesticides  to 
cradesand  crevices,  rather  than  broad  baseboard  treat¬ 
ments,  has  been  found  to  be  more  efliective  because 
the  pesticide  is  placed  in  locations  where  the  pest 
b  more  likety  to  be  found.  Some  surfaces  such  as 
wood,  concrete  m  surfoces  painted  ivith  btex  paint 
may  absorb  the  pestidde  apf^tion,  reducing  the 
amount  of  surface  pesticide  available  when  contacted 
by  the  pest. 

Although  oral  and  inhatational  toxidties  may  be 
significant,  dermal  absorption  may  represent  a  more 
significanthazardtothosewhoapplypestiddes.  Care¬ 
ful  sdection  by  comparing  the  dermal  toxiddes  of 
selected  pesticides  and  calculating  dermal  toxidfy' 
versus  efficacy  ratios  may  be  hel{^  in  keeping  the 
apf^jeatorssafe. 


EXPOSURE  EPIDEMIOLOGY 


There  are  no  published  epidemidogical  data  about 
pestidde  exposures  resulting  from  military  applica¬ 
tions,  Because  of  the  federal  regubtory  requirements, 
however,  civilian  and  military  appliations  of  pesti- 
ddes  are  similar;  therefore,  data  accumulated  through 
dvilian  reports  may  represent  potential  qualitative 
health  effe^  in  military  applications. 

The  requirements  fm  re|x>rting  medical  data  are 
stringent  in  Crdifortua,  especially  for  worker's  com¬ 
pensation:  health-effectsdatafrompatientswithsus' 
pected  acute  pesticide  poisonings  have  been  collected 
arklreport«lform(nethar^40years."  As  a  result  of  the 
increa^gly  stringent  medical  reporting  requirements, 
these  data  rtuy  be  the  best  quantitative  source  on 
whkh  to  base  estimates  of  the  potential  for  symptom¬ 
atic  hurrrah  pestkrde  exposures,  both  occupatkmal 
and  rtonoccupatkmal  Tiw  epidemfotp^cal  value  of 
the  data  is  compromised  (degraded),  however,  by  a 
number  of  factors  that  influetKe  the  adequacy  of  the 
data  coHectkKi.  In  an  uncompromised  quarrfitative 
ratio,  the  nunnber  of  patients  who  demonstrated  signs 


or  symptoms  caused  by  pestidde  exposure  (the  nu- 
merator)  would  be  compared  to  the  total  number  of 
individuals  with  pesticide  exposure  (the  denomina¬ 
tor).  Uncertainties  that  could  influence  the  numerator 
indude  physiological  differences  amotrg  patients,  fail- 
ure  of  mirfimally  or  truldly  symptomatic  patients  to 
seek  healthcare,  failure  of  medical  persotmel  to  report 
an  pestidde-associated  illnesses,  and  the  possiHIity 
that  the  etiology  of  a  presumed  pestkide-iasodated 
illness  is  inaccurately  assigned. 

Even  if  tedmkally  flawed  for  strict  sdentifle  ex- 
trapobtion,  the  Cblifoiiiu  epkieniiological  data  pro¬ 
vide  valuable  irtsighb  into  the  magnitu^  of  potential 
pestidde  exposures  aru)  the  subsequent  heal^  eflects. 
Another  indicator  of  the  widespread  potential  for  pes¬ 
ticide  exposure  (and  the  subso^uent  health  effects)  b 
the  quantity  scM:  268,749326  kg  of  pesticides  were 
so)dinCaiifombinl968.‘'  TheC^ifimm  State  Absinci 
for  1989  estimates  tirat  tire  popubtion  of  Califontb 
was  28314X)00  in  1988;  therefore,  pestidde  use  would 
ha  ve  approximated  93  kg  of  pesticide  per  Catifombn. 


498 


Pesticides 


Of  these  quantities,  approximately  49%  were  used  in 
agriculture,  17%  in  the  home  or  garden,  19%  in  indus¬ 
try,  and  13%  in  institutions  within  the  state.  The  US. 
Census  of  Agriculture  for  19{i7  e^imates  that  about  31 
million  acres  were  available  for  agricultural  use  in 
California  in  1988.  If  all  thepurdiased  pesticides  in  the 
state  were  applied  on  agricultural  laird  within  its 
borders,  approximately  8.7  kg  would  have  been  ap¬ 
plied  per  agrkultiual  acre. 

The  earliest  summary  of  infoimation  that  provides 
insight  into  the  epidemiology  of  pesticide  poisonings 
was  collated  in  1^.  Inthatyear,atotelof293casesof 
reported  occupational  diseases  were  associated  rvith 
agriculturaldiemicals.’'  Unfortunatdy.absolutenum- 
bm,  rather  than  incideiKe  rates,  of  poisonings  were 
reported.  For  1950,  in  California,  die  profile  of  the 
leading  causes  of  pesticides  poisoning  was  parathion 
(n=52),  DDT  {n=2^,  sulfur  (n=21),  arsenic  (n=9),  nico¬ 
tine  (nsS),  and  tetraethyl  pyrofdiosf^te  (ns6). 

The  introduction  of  abixit  500  new  EPA-regbtered 
pesticides  between  1949  and  1970,  assodat^  tvith 
morecarefully  regulated  usepractices and  withdrawal 
of  registration  for  some  compounds,  resulted  in  a 
diangeintheexposureprofile.  In  1987,approxiinatdy 
17J000  pesticide  pr^nings  were  reported  in  Califor¬ 
nia;  of  these,  1,507 were  occupational  illnesses.  Of  the 


several  hundred  registered  products  identified,  the 
most  serious  poisonings  were  reported  from  expo¬ 
sures  to  the  cholinesterase  inhibitors  and  methyl 
mide.'  ’  The  organophosphate  insecticide  parathion 
was  the  most  frequently  reported  pesticide  correlated 
with  systemic  poisonings  {n=90)  in  California  in  data 
reported  for  the  years  1982  through  1986;  these  data 
are  similar  to  those  reported  in  1950.  Mevinphos 
(n=58),  methomyl  (n=51),  methamidophos  (ns44), 
methyl  bromide  (n=32),  sulfur  (n=28),  dimethoate 
(n::2^,  dinitroj^ienol  (n=25},  methidadiion  (n=22), 
arxl  malathion  (n=20)  were  the  next-most-commonly 
reported  compounds.^ 

The  American  Association  of  Poron  Control  Cen¬ 
ters  reported  1,581,540  human  poison  exposures  in 
1989.  With  respect  to  the  pusoningseaus^  by  pesti¬ 
cides,  insecticides  were  the  most  commonly  reported 
dass  with  regard  to  the  frequency  {rf poisoning  report, 
number  cd  patients  treat^  in  healthcare  fodlities, 
number  of  ^rmptcMnatk  patients,  and  nuniber  of  pa¬ 
tient  lethalities  (n=12).  Of  the  insecticides,  organo- 
phosphates  were  by  far  the  most  commonly  reported 
poisons  in  aH  age  groups  and  were  associated  with 
seven  of  the  reported  deaths.  Arsenkals,  the  next- 
tnost-nnplkated  class  of  pesticides,  wen.  associated 
with  thrre  deaths.” 


PHARMACOLOGY  OF  PESTICIDES  USED  BY  THE  MILITARY 


Like  other  chemicals,  pesticides  can  be  categorized 
a  variet}'  of  ways.  The  characteristics  pesticides  are 
most  commonly  used  for  are  (a)  medianism  of  action 
(eg,  the  cholinesterase-inhibiting  substances);  (b) 
diemical  compontion  (eg,  the  chlorinated  hydrocar¬ 
bons);  (c)  taigrt  pest  dasses  (eg,  tire  rodenticides);  and 
(d)  source  of  denvation  (eg,  the  botanical  extracts). 
Although  the  pharmacology  of  pesticides  b  not  mili¬ 
tarily  unique,  medical  offiem  n^  to  be  familiar  with 

•  the  classes  of  pesticides  most  frequently  used 
by  the  military, 

•  their  mechanisms  of  toxkity, 

•  the  manifestations  of  acute  poisoning, 

•  the  antklole^revefsaL  or  therapeutic  ii4eiveirtk)ii, 

•  the  Ixkdogical  monitors  and  surveillaiKe  pa¬ 
rameters,  and 

•  the  potential  long-term  effoeb. 

Table  14-6  summarizes  these  aspecte  of  the  foUow- 
ing  pesticide  dasses:  otganophosph  tes,  carbamates, 
diknrinated  hydrocarbons,  anticoagi  -anb,  bofk  acid, 
and  the pyrethroids.Thbchaptertre):s  only  the  ma)or 
pesticides  that  are  used  by  tlw  milit  jry. 


Information  concerning  the  pharmacology  of  pesti¬ 
cides  and  the  medical  management  of  poisonings  ac¬ 
cumulates  exponentiaOy.  Consequently,  most  mili¬ 
tary  emergency  roomssubsoribe  to  infoniution  sources 
such  as  the  PCXSONI^X  Information  System.”  Infor- 
mationco  .ipiledfromthbsourcebthebasbformtKh 
(rf  die  management  practices  that  follow.  The  three- 
volume  Handbook  cj  Pesticide  ToxktAogv,  published  in 
1991,  thoroughly  reviews  the  current,  sdentifk  litera¬ 
ture  related  to  general  pesticide  toxicology.”  Addi¬ 
tional  sources  of  information  concerning  pesticide 
toxidty  and  the  emergency  medical  re^xmse  to  poi¬ 
soning  indude 

•  focal  pmson  control  centers; 

•  the  EPA  publication  Recognition  and  Manage¬ 
ment  of  Pesticide  Poisonings,  which  provides 
valuabfo  information  for  emergency  manage- 
mentofa  wide  range  of  pesticide  intoxications; 

•  the  National  Pesticide  Tdecommunkations 
Network  (the  telephone  number  b  1-800'858- 
7378);  and 

•  the  DoD  Pestidde  Hot  Line  (tlie  tdefdwne 
number  b  l-4104»71-3773).'^” 
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TABLE 144 

MECHANISIMS  OF  ACTION  AND  RECOMMENDED  MEDICAL  MANAGEMENT  OF  SELECTED 
FESnODE  CLASSES 


OwakalClaM 

Mfchanhai  of  Action 

Maaifestatkm  of  Acnte  Poboniag 

Organof^KSphate 

Cholinesterase  inhibition,  phoyhoi)datioiv 
tiinedependent  aging 

Muscarinic,  nicotinic,  and  CNS 

-A- 

cttccts 

Caibunate 

Chohnestetase  inhibition,  carbamylation 
(rai^dly  reversible  urithout  agii^ 

Muscarinic  nicotinic,  and  CNS 
effects 

Chlorinated  hydrocarbon 
Chlorinated  ethaite  derivative 
(eg,  DDT) 

Na,K,Cad)aiuMts 

Highly  vaiiaMe.nonq)edfic 
psydtologicaL  sensory,  motor 

Chlorinated  cydodiene, 
<cg,diddrin) 

CNS  stiinttlatioo  (trmsmitter  release  at 
synapse) 

Convulsions 

Cardiac  aixythniias  possibie 

Anticoagulant  (rodentidde 
baits) 

AntfanetaboBtes  of  vitamin  K 

Internal  hemotThage 

Proioitged  prothrombin  times, 
deprmsed  Icveb  of  factors  n 
(prothiDiribin),VIL  DC,  X 

Pyrethioid  (lepdlants, 
insecticides) 

Driayed  dosuie  of  Na  channels 

SUn  irritatkavaDergy 

Eye  irritation,  allergy 

Paresthesia 

Allergic  brondwspasm 

Rare:  salivation,  tremor,  vomiting, 
incoordination 

Boric  acid  (loadi  control) 

Metabolic  addosis 

Electrolyte  abnormalities 

Nausea,  vooiitii^  diarrhea,  anuria. 

flfetrnlyl»  fanhatarwr, 

convulrions,  skin  crydwma 
progressing  to  desquamalkm 

OM>Iine<taa>e  Inhibiting 

Miiitjuy  appikatkms  of  insecticides  are  usually 
stikted  to  selected  of]ganophosphates(indudingdiIor' 
pynfos,paiaddon«diazinon,aiidinalathion)andcat)]a' 
mates  (indudiug  aldkaib,  propoxur,  and  carbai^d), 
whidi  are  duUmsterase  inhibitors;  and  oifanoddo- 
linesand  boratedeiivatives,  which  aiedisciHsed  later 
in  this  chapter. 


ThetoxicHiesofdwseinsecticidesvarywiddyde- 
pendii^cm  their  routeof^nocption,  pharmacological 
interactions  after  absorption,  degreerfmctabolkdcg- 
radatioi),  degree  of  reversible  eiizymatic  bindii^  and 
rateofexciethm.  Although  dioe  insecticides  can  also 
be  absorbed  via  iiUialation  or  ingestion,  most  occupa* 
tional  effects  have  been  reported  following  deti^ 
exposures. 

Organophosphate  and  carbamateinsecticidcs  exert 
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Antidote,  Ecvemal, 
Thcnpcvtic  Intervention 

BMegical  Moniler  aid 

ServdDance  Faramrtcr 

LongTcnaEflccIs 

Ainqpine  (antidote) 
2-PAMa(revma]} 
Antioonvulaant 

RBC  acetykholinesterase  (AOiE),  (detectibte  acute  or 
efarooicdecremcntal  change  from  individual  baseline) 
Plasma  cholinestetase  (detectible  acute  decremental 
change) 

Delayed  neuropatliy  poasible 

Pos^de  neurotoxic  esterase 
citcct 

AtTOfm  (antidote) 

Anticonvulsant 

RBC  AChE(posaibte  short-term,  acute  depression; 
usually  near  normal  leveD 

None  repotted 

No  known  antidote 

Specific  chemical  analysis  possSile;  standard  levels 
unknown;  results  rdaled  to  known  toodc  reqsonse 
case  reports 

Bioaccumulatian  in  I^[dd 
tisines 

Environmental  persistence 

AatkJOttvubant 
(duiestyramine  may 
enkanoe  bOiaiy  excretion  of 
aomecoa^MU^) 

Chemical  epoxides  in  some  cases 

Poasible  carcinogenesis 

ViL  Kt  bdwacagtCitfniPPrE 
(K3^  Kf  inefiecthre), 
ir^  bkxid  for  bleeding 

Prothrombin  time 

^VAflihiin  icpoftod  IctslD^lciiic 

Topical  corticosteroids 

Topical  dierapy 

Vit.  E  oQ  for  paresthesia 
Antihistamines,  occasionally 
brondiodilatats  or  steroids 
No  known  antidote 

None  reported 

Syrup  of  ipecac  for  acute 
indigestion  (charcoal  not 
efficaciom) 

Antkonvuliant,  monitor  EKG, 
FhiU  management  dialysb 
Topical  skin  dwiatpy 

Sentmborateievd(mg/Lblood)(0-7.2Enormal; 

<  340  mg/L  rar^  shows  toxic  cfiect) 

No  direct  sequdae  reported 

their  pharmaoological  influences  as  a  lesuh  of  their  eflovt  by  pcstidde  producen  to  devdop  safer,  moce 
inhibitkm  of  a  of  dniotestense  enzyoies  in  efficaciouspTodocts,hav«resaitedinadedineinbodi 
various  tissues.  Ihereaie  clear  toxkologkalsiinilari'  toxkityandtiienandKtsofliuinanpoi9oningsasMici> 
ties  between  boflidasses  of  cholinesterase  inlubitors,  ated  with  these  chemicals.  As  a  group,  flie  ready 

botthereaiealsosigrtificaittdiflerenoesbetweenflieir  availability;  widespread  use,  and  idath^  toxic  na- 
ptomacodynainicinteiactioroandtherecoinincnded  tuieofthedKilincstcraseinhibitonstillcauaeaiiuin* 
medical  tfimpeutk  managements.  Regulaioiy  con*  ber  of  human  fatalities  annually.'^ 

tioisintfDdocedbythe£PA,grcelerawaieneasofflie  To  review,  an  enzyme  is  a  protein  inolecule  fliat 
associated  hazards  by  appUcatofs,  and  an  intensive  indijceschemkalchimgesinanodierinalecidewidi- 
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out  being  changed  itsdf;  therefore,  an  enzyme  is  a 
catalyst  The  substrate  is  the  molecule  on  whidi  the 
enzyme  exerts  an  influence  attd  that  is  changed  to 
generate  the  enzymatic  reaction  product  For  ex¬ 
ample,  the  enzyme  acetykholiixsterase  catalyzes  the 
hydrolytic  chemical  conversion  of  the  neurotransmit¬ 
ter  acetylcholine.  Aninhibitorisachemicalthatcoin- 
petes  with  or  prohilnts  the  enzyttu  tic  interaction  %vith 
thesubstrate.  Many  enzymes  are  turned  on  the  basis 
of  the  customary  substrate  or  characteristic  diemkal 
reaction  type,  fdlowed  by  the  terminal  identifier -«$c. 
For  exami^,  the  enryme  acet)ddM>linesterase  cata¬ 
lyzes  the  hydrolytic  chemical  conversion  of  the  neuro- 
transmitter  acetyldKtUne. 

Cholinesterase  enzytrtes  are  widely  distributed 
wUliin  the  body.  They  are  localized  within  ttunrerous 
tissues,  fluids,  attd  o^  indudtt^  heart  musde,  cho¬ 
linergic  sytupses,  myoneural  junctions,  plasma,  and 
erythrocytes.  Although  a  number  of  different  cho¬ 
linesterase  eitzymes  are  known  to  be  distributed 
through  the  body,  this  discussion  will  foots  ^tedfi- 
cally  on  the  enzyme  acet^dicdinesterase;  thecholines- 
terase  eruyme  duractaistically  associated  with  the 
erythrocyte.  A  different  enzyme  of  foe  cholinesterase 
dass,pseudodiolinesterase(also  called  butyryldtoline 
esterase),  is  found  in  foe  plasma  fraction  of  whole 
blood.  Although  the  diemical  substrate  interactions 
and  substrate  degradation  medunisins  ate  similar 
between  foese  two  types  of  chedinesterase  enzymes, 
they  differ  with  reqwet  to  their  preferred  subtle, 
rateof  enzymatic activtty,siteof  production, and  rate 
of  regeneration  after  poboning.  ThesedifferenceswQl 
be  discussed  later  in  this  chapter,  with  reference  to 
specific  pesticide  poisoning,  emergency  medical  man¬ 
agement  and  ocotpational  surveillan^ 

To  catalyze  the  hydrolysis  of  acet^choltne,  its  pre¬ 
ferred  iuturalsubstate,theacetyld)olinesteTasepro- 
tein  moiecule  utilizes  a  specific;  sdeettvebindh^  site 
(Figuiel4-3}.  Theacetylcholtnebtndingsiteisfo(wght 
to  ^composed  of  two  ^Mcificbinding  areas  that  have 
been  identified  on  the  enzyme  mc4ecule.**  A  nega- 
tivdy  charged  antorric  site  of  the  en^me  bbriieved  to 
attract  and  form  an  electrostatic  bond  with  the  posi- 
livdy  charged  ititrogen  atom  of  foe  dtolme  molmle 
of  the  transmitter  aoetyldrolme.  The  ionic  bond,  arrd 
secondary  attractions  between  the  methyl  groups  of 
foe  choline  ntoiely,  and  surfooe  of  foe  enzyme  mol¬ 
ecule  appear  to  be  prerequisites  to  the  bond  formed 
betrveen  the  ptofonated  acidic  carboxyl  group  of  foe 
acetykholineester  molecule  at  foeestentficsite.”  In  the 
process  of  acetylation,  a  covalent  linkage  forms  be¬ 
tween  foe  tfansmitter  and  enzyane  at  the  esteratic  site 
of  foe  enzyirre.  Urrder  rrontul  metabolic  conditions, 
foe  eruyme-substrate  complex  rapidly  dissociates  to 


forma  molecule  of  cholme and  an  acetylated  enzyme. 
Tlwacetjdated  eniiyine  undergoes  a  hydrolytic  reaction, 
rdeasing  acetate  and  regenerating  foe  active  enzyme. 

Cholinesterase-inhOritit^  insecticides  prefermtially 
Mrwl  with  dtotmesterase  enzymes,  and  as  a  conse- 
quettce,  cause  interfeieiKe  with  the  norma]  enzymatic 
activity.  Th»  causes  acetylcholine,  the  substance  re¬ 
sponse  for  impulse  transmission,  to  accumulate; 
Poisoningoccursinexposedhumansbecauseofinter- 
actions  between  foe  tnhibitois  and  the  enzyme  within 
central  and  peri|foeraldioiinergicsyr»psesarKl  within 
myoneural  junens.  As  a  censequetKe  of  its  func¬ 
tional  activity,  this  enzyme  controls  nervemipuke 
transmission  from  tterve  fibers  to  autonomic  ganglia, 
muscle,  ^artdular  cells,  attd  other  nerve  cdls  within 
the  central  nervous  system  (OIS).  Shouldantndi- 
vidualbeexposedtoasuffiderttdoseofcholinesteiase 
mlubitors,^lo«s  of  foeen^mefunction  results  in  foe 
accumulation  of  aoetyIdiolineatfoecho]inef]^recep- 
tor  sites.  The  pathophysiological  response  to 
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Hg.  14^  These  dugrants  Olustrale  (a)  the  active  she  of  the 
acetykhoGnestense  molecule  (b)  its  usual  natural  sutstrate 
ace^fcholinechkufcleandtdtheeittyme-srfortialeiitleiac- 
ticat  The  d«ctit»-ikh  anionic  she  of  the  ace^kholinesterase 
moleaile  is  itpreitmeJ  as  a  negatively  dunged  area;  foe 
serine  residue  at  foe  cstnalic  she  b  represented  in  foe  hy- 
dnwylabd  stale. 
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Pesticides 


unimpeded  overstimulation  of  neuromuscular  tissues 
byacelykhoIineismanUestedbyaspeclnimofpoten- 
tLd  medkal  signs  and  symptoms  retated  to  the  degree 
ofpoisonii^  While  dw  toxicological  similarities  are 
demonstrate  between  tiieoiganofrfto^jhate  and  car¬ 
bamate  insecticides,  then  are  significant  differences 
between  the  friurmacodynamic  interactions  attd  rec¬ 
ommended  finical  therapeutic  maiugemettt 

Oiganofitosi^uttes 

The  first  organophosfriate  pesticide,  thehighly  toxic 
compound  tetraethyl  pyiofdM^>hate  (TEPP),  was  m- 
troduced  as  an  ins«:ti^e  in  1939,  altiiough  it  was 
initially  diemicaliy  syntiiesizedand  iderttified  in1894.* 
Closely  rdated,  htgldy  toxic  compounds  later  dasst- 
fied  as  nerveagents  were  identified  durii^  attempts  to 
synthesize  altenutive  pesticides  and  were  secredy 
fnoduoedinGennanydurii^WorklWarlL  Although 
they  were  never  us^  as  insecticides,  tvarfare  iterve 
gases  sudi  as  tabun  and  soman  were  produced  in 
substantial  quantities  and  stored  for  postiUe  use  dur¬ 
ing  the  %var.  The  paitnersh^bet%ircen  applied  toxicol- 
ogy  and  thecherstical  pesticide  industry  toresulted  in 
theproductionanduseofsafer,mote^)edfic(»gano- 
lrfMi^>hate  pesticides  for  tite  target  pest 

Marty  orgaitofrfioqrfute  pesticides  have  been  de> 
vdoped,  but  thoM  most  commonly  used  for  milHaiy 
appUcationsarediIotpyiifas,diazinon,andmaIathion 
(Table  14-7  ).*  Paratiuon  is  occasionally  used;  how¬ 
ever,  tite  EPA  has  currently  been  reviewii^  its  regb- 
tiatioiL  Asaresultoftheintensescrutiny.titeregistra- 
tkmofparadiionndghtberevised  by  tile  manufacturer 
witit  EPA  approval,  or  revoked  or  revised  tiie  EPA. 

Route  of  Etqsosmft.  Mostorgaiwphoq^teinsecti- 
ddes  are  readily  absorbed  by  all  routes  of  exposure. 
Intentional  ingestion  of  pesticide  products  is  a  com¬ 
monly  repmted  form  of  attempted  suidde.  Therefore, 
mudi  of  tite  infbemation  on  medical  management  of 
oeganopho^thate  poboning  b  derived  from  sukide 
attempts.  Military  scientific  and  medkal  experieixes 
with  tite  dtemkaliy  stnular  iterve  ageitt  war  gases 
have  resulted  in  substantial  contribations  in  the  basic 
scientific  literature  and  accumulated  medical  knowl¬ 
edge  ooitoeming  organopho^thate  pesticides. 

While  some  compounds  such  as  mevinphos  are 
more  toxic  tdien  the  exposure  route  b  dermal,  most  of 
these  conqiounds  are  more  toxic  if  they  are  ingested. 
Some  of  the  compounds,  sudt  as  triddorfon  and 
diazinon,  are  snnaralfold  more  toxic  if  ingested  or 
inhaled  than  if  they  absmbed  through  the  skin. 
Chloipyrifos  and  malathion  ate  readily  absorbed  and 
may  manifest  equally  toxkdfectsasaresult  of  cutane¬ 
ous  contact,  inhdat^  and  ingestkm.’* 


Medumism  of  Action.  Mudt  of  the  toxicological 
information  concerning  tire  medunbm  of  action  of 
organqpho^>hates  has  been  gained  through  study  of 
the  more  toxic  chenucab  such  as  the  nerve  agenb  and 
parathion. 

Organophosidute  insecticides  interact  with  the 
esteratic  site  of  the  acetykhoUnesterase  enzyme  mol¬ 
ecule  by  the  process  of  phosjdrotylation.  Theinterac- 
tion,  ai^  subsequent  diemi^  evenb  that  may  occur 
between  the  enzyme  and  insecticide  inhibitor,  can  be 
shown  by  the  equation: 

EOH  +  IL  <->  {EOHIllU  — >  L-  +  H*  +  EOI— > 
EOH  +  r+L- 

where  EOH  repiesenb  the  enzyme,  IL  represents  tile 
pesticide,f£OH/flL/iepi«senbtheievets2deenzyine- 
insecticide  complex,  L' represenb  the  leavii^  group, 
IT  represenb  the  hydio^  ion,  EOI  represents  tite 
pliosphot^atedorcaiba^latedeiu7me,andrrep- 
resoitsthepestidde  remnant  thatremainsafter  hydro¬ 
lytic  dejtiiosphoiylation  or  dccaibanqrlation  has  oc¬ 
curred. 

Hepatic  metabolic  activity  may  influence  organo- 
fdio^iate  pesticide  activity  as  a  result  of  pe^dde 
degradatioii.activatioii.orboth.*''^  Inadditiontothe 
enzymaticdegradationofoiganophoqihatepesticides 
thrwgh  the  acetykhcflinesteiase  pathway,  hepatic 
metabolization  of  organophoqfliate  insecticides  b 
sometimes  important  in  pesticide  detoxification.  En¬ 
zymes  tiiat  p^onn  phase  I  metabolic  activation  in 
the  liver— tiimgh  hydrotysb,  oxidatkm,  or  reduction 
of  thepaient  msecticide—areprimaiily  localized  witii- 
inthehepatocyteendofflasmicreticuluin.  Hydrotytk, 
oxidation,  or  reduction  rates  and  the  types  of  meta¬ 
bolic  products  vary,  depending  on  the  paitkolar  pes¬ 
ticide.  Witii  some  insecticides,  brealulown  may  be 
suflkientiy  slow  titat  temporaiy  stoia^  of  the  pesti- 
ddecanoccurinbodyfiit  With  otiter  insecticides  (eg, 
parathion,  chlorpytifos,  and  malathion),  the  metabo¬ 
lites  of  hepatic  enzymatic  patiiways  are  mote  potent 
than  the  parent  compound  (tiie  marketed  pesticide). 
For  example,  tiie  hq^atic  metabolites  paiaoxon  and 
malaoxon  cause  mu^  more  pronounced  toxic  (dio- 
linesterase  inhibitoiy)  cHects  tiian  those  produced  by 
the  parent  oompound.^**^  For  tiwsecoinpounds  that 
are  metabohcally  activated  by  the  liver  (indudii^ 
parathion,  malatiiion,  and  chlorpyrifos),  the  onset  of 
signs  and  symptoms  may  be  delay^  foe  several  hours 
iMer  exposure  because  tiie  actii^  toxicity  b  almost 
exdusiv^  due  to  ib  metabolic  product,  an  oxygen 

If  ^  chemical  reaction  of  the  p)io8|tiioiylated  cho¬ 
linesterase  enzyme  complex  (EW  results  in  hydro- 
lytic  dcaDtylatkm  rather  than  dephoqphoi^tion,  an 
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TABLE  14-7 

TOXICOLOGY  OF  SOME  ORGANOTHOSPHATE  INSKmODES 
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brevmible  enzyme-phosirfiate  pnxluct  (jdioqjhofyl 
adduct)  is  genenteiL^  AsaresuIt,theenzymecaimot 
be  regenetated  and  rentaim  inactivated:  that  is,  it  is 
saidtobecomeagfli.  Theieactioncanbeshownbythe 
equation: 

EOI  — >  alkyl  group  product  +  phosfdKnyl  adduct 

For  example,  in  die  enzymatic  reaction  with  die  or- 
ganophosphate  diisoprop^  fiuoropho^diate  (CMD, 
the  initial  enzyme-I^  comf^  releases  its  leaving 
group  (duotide)  as  a  result  of  the  hydrolytic  reaction. 
The  reaction  results  in  the  generation  of  die  friio^rho- 
rylation  product,  a  diisopropylphasphoryl-eruTnie 
complex  and  hydrofluoric  a^  Subsequent  hydro- 
1^  depho6}dMMylation  of  the  fdio^fdiocjdated  en¬ 
gine  oonqilex  results  in  die  rdease  of  a  pho^dioric 
a^deriva^,diisoprop)dplio^hate,anddieregen- 
eradon  of  the  active  enzyme.  Because  the  rate  of 
dephoq^wrylatian  is  slow  for  die  diisopiopyiplios- 
{dioryl-cnzyine  complex,  an  aherrudve  depixlation 
pathway  through  hydrd^  dealkylation  is  posaUe. 
As  a  consequence,  the  concentration  of  the  enz)nne- 
inonoisopropylpho5(rfialecom|dex(theaged  enzyme) 
risesfoOowir^DFPexposure.  Therateoforganophos- 
phate-enzyme  detoxification  hydrot)rtic  d^ihos- 
phorylatkmand  resultant  active  enzyme  regeneration 
stroi^  depends  rni  die  type  of  organophosphoius 
inhibitor  involved.  (IncoiUrast,asacia3s,caiWate 
irisecticidesareoonsideTedrnimtWririhibttorsofcho- 
linesterase  and  are  not  associated  with  aging.^ 

Faiathion  is  another  organopho^ihate  insecticide 
that  ages  die  cholinesterase  molecule  (Hgure  14-4). 
Durit^  die  conversion  process,  pataduon  is  metabo¬ 
lized  to  die  active  diolinesterase  inhibitor,  paraoxon, 
by  desolfuration  widiin  die  endoplasmic  reticulum. 
Raraoxon  reacts  with  dieesteraticsiteofdiolinesterase 
by  phoqrhoiylation.  As  a  result  of  dearybtion,  p- 
nitrophowd  is  rdeased  as  die  leaving  group  from  the 
faudal,  transient  enzyme^nsectidde  complex.  After 
deaiylatkm,  die  phosphorylated-enzyme  complex  is 
very  stable,  with  only  hmiled  sifosequent  hydiolysb 
to  regenerate  die  active  enzyme  and  rdease  die^yl 
I^iosphate  Most  of  the  phoqrhorylated  conqrlex  is 
slowly  converted  to  the  extremely  stable  (aged) 
edtyij^hoqrhonate-enzytneadductbydeaOtylation.'*'” 

Rncdvation  of  a  pho^rhoiytated  enzyme  is  pos¬ 
sible  using  oxime  therapy.  However,  reactivation  of 
die  aged  enzyme-pho^horylated  adduct  complex  is 
not  possible  and  is,  dierefore,  refractory  to  oxime 
thoapy.  The  rate  of  pesddde^nzyme  complex  i^ing 
depends  on  the  qMcdk  organojdio^ihate  inhibitor 
involved.  Forexam|de;die  nerve  agentsomaniapidly 
reacts  widi  the  enzyme  through  pho^rhoiyladon  and 
the  enzyme  becomes  aged  widiin  seconds  to  a  few 


minutes.  Other  sdected  organofdioiqdiate-entyme 
cooqrlexes  may  be  reactivated  I  or  2  days  after  initial 
binding.  The  aged  acetylcholinesterase  associated 
with  erythrocytes  in  the  perifdietal  drculaUon  is  nor¬ 
mally  regenerated  ontyaszconsequenoeof  erythrocyte 


fnmviwmni 

Figl44.  HieacetylcholiiieslefaseBiohculeageiaftgorgino- 
phoiphate  poiioningwithparathicn.  The  chemical  leacdons 
betwmpafacBOMVtheactiwcheBiicalinGtiboiileofpna- 
dikxv  and  aottykholiwwteniwiwor  enzyme  aging;  ewgrine 
legenaatiowa^oocun;  but  ataslower  rate. 
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productkmand»(4aceatentinthecitcu]atkm.  G>n- 
sistent  with  the  life  span  of  the  mature  eiythnxyte, 
regeneration  of  eiythiocyte-assodated  aged  ao^l* 
diolinesterase  occurs  at  a  rate  of  about  1%  per  day. 

Qdorjpyr^.  Qdorpyriibs  is  one  of  thesafer  otgano- 
phosf^ionis  insecticides.  When  sufficient  doses  are 
absorbed  to  elicit  a  toxic  response,  however, 
chlorpyrifos  produces  dinica!  effeds  in  humans  that 
are  indtstinguishaUe  from  other  oiganopho^^iorus 
compounds.  In  contrast  to  many  organophosphate 
insectkidcs,dilorpyrifesbanactivetnh3Mtor  of  plasma 
cholinesterase,  but  is  characterized  as  only  a  moderate 
inhibitor  of  the  erythrocyte-associated  enzyme.  Asa 
result,  normal  exposure  causes  selective  depression  of 
choUnesterase  activity  in  the  plasma  rather  than  in 
erythrocytes.  Expression  of  erythrocyte-enzyme  lev¬ 
els  is  oftn  seea  however,  systemicetfects  are 
dtnically  apparenL** 

When  hysted  by  humaig,oraldosesof chlorpyrifos 
of  0i)3nrg/kg/day  had  rro  detectable  effect  on  plasma 
dtolinesterase  (alw  called  pseudochc^inesterase)  lev- 
ds.  Enzyme  depression  (irthibitiofO  of  70%  has  been 
reported  to  cause  ortly  rtuld  symptoms  in  some  cases. 
Hutrun  subjects  who  ingested  0.1  rr^  of  chlorpyrifos/ 
kg/day  for  4  weds  were  found  to  have  statistically 
significartt  decreases  in  {rfasma  chdtnesterase.  Pest- 
control  operators  who  were  exposed  to  8-hour  time- 
weighted  aveiatt  (TWA)  exposures  of  27.6  ntg  of 
chlorpyrifos/m^of  air  revealed  signifkant  inhitHtion 
of  plasma  acetylcholinesterase  when  compared  %vith 
age- and  sex-matdied  controls;  however,  they  had  no 
chnical  signs  Of  symptoms  of  exposure.” 

Information  r^tedtochronicneurdogicalsequdae 
of  dilorpyrifos  exposure  in  huttuns  b  linuted.  An 
adult  mde  ingested  300  mg/kg  of  chlorpyrifos.  He 
exhibited  varying  degrees  of  severity  of  dwiinergic 
signs  for  more  t^  2  wedcs.  Although  hb  e.'ectro- 
(Aysiological  studies  of  peripheral  nervous  funcuw.r 
were  reportedly  normal  1  rnonth  after  ingestiott,  hb 
rreurotoxic  esterase  Qymphocytlc  neuropafoy  target 
esterase,  NTE)  was  approximatdy  60%  inhiln^. 
About  2  weds  later,  the  patient  complained  of 
paresthesia  and  lower-extremity  weakness.  Adtnkal 
examir»tion  artd  laboratory  evaluation  demonstrated 
classical  findings  of  delayed  axonal  peripheral 
neuropadiy.” 

Ddayed  neurotoxidty  has  been  reported  following 
ddoip}^ifos  administration  in  the  standard  hen  assay; 
howew.  foe  effects  were  reported  to  be  reversible.” 
DdayediMnotoxicitywasnotseenfollowu^admirt- 
btralioit  in  foe  mouse  model”  However,  it  b  foe  hen, 
not  foe  mouse,  that  b  conskfeted  to  be  foe  standard 
assay  of  neurotoxk  effect’ 

The  ddayed  CNS  fteuropafoy  following  acute  ex¬ 


posures  to  the  oigarwphosjfoate  insecticides  may  be 
slowly  reversible  or  remain  irreversible,  associated 
with  axonal  degeneration.  A  delayed  onset,  mixed 
sensory-motor  peripheral  rreuropathy  has  been  re¬ 
ported,  with  onset  between  6  and  21  days  after  mala- 
thkm  exposure.  After  malathion  exposures,  recoN'ery 
ftom  the  delayed  neuropathy  may  slow  or  itKom- 
plete.  Afterdiazartonexposures,sensoty-motorpe- 
rqfoeral  neunc^thy  has  occurred;  however,  foe  onsd 
offoeiieurologkalabtiormalitiestita)  bedelayedfor 
several  weeks.  Recovery  maybesbworincomplete.” 

Organophosffoorus  ester-induced  ddayed  neuro¬ 
toxicity  (OPIDN)  b  the  dassical  dinkal  syndrome 
associated  ;vith  orgartophosphate  insectiddes.  The 
early  dinkal  description  of  OPIDN  was  associated 
with  wotk^ace  exposures  to  tn-ertho  cresol  phos¬ 
phate.  The  dinkal  fmdings  of  (MIDN  indude  a  rap¬ 
idly  progressive  paralysb  of  the  lower  and  tipper 
extremities  with  lifted  recovery.  Theclasskal  pafoo- 
logical  lesion  occurs  within  the  and  per^iheral 
nervous  ^stem  (PNS)  and  b  dtaracterized  as  axonal 
degeiteration  attd  demyelinization  of  foe  long  motor 
and  sensory  iteurons.  (The  adult  female  h«  b  foe 
preferred  and  accepted  scientific  standard  modd  for 
the  study  of  neurotoxk  effect)  Neurotoxk  esterase 
has  been  reported  to  be  the  putative  target  of  (XTW. 
The  enzyme  2'3'-cydk  nucleotide  3'-jfoosphohy- 
dtolase  (CNPine)  has  recendy  been  reported  as  a  sen¬ 
sitive  indicator  of  mydin  loss, and  maybea  sensitive 
indicator  for  CM’IDN.^ 

Chlorpyrifos  exposure  did  not  result  in  teratogenk 
or  fertility  effects  in  the  rat  Chlorpyrifos  demon¬ 
strated  no  cardnogenk  potential  foDowing  chronk 
administration  in  studies  using  rats  arwl  mke.  No 
diaries  in  microbial  mutation  or  sbter  dunomatid 
exchanges  have  been  reported  following  dilorpyrifos 
exposures.  Semenquality  changes  havcbcen  reported 
in  bulb  exposed  to  chlorpyrifos.” 

Ptnthion.  In  a  human  dose-response  study,  adults 
who  consumed  more  than  6  mg  of  parafoion  per  day 
for  30  days  had  some  deemnent  in  diolinesterase 
level  Several  individuab  who  consumed  nnore  than 
75  mg  for  16  days  had  erythrocyte  cholinesterase 
levds  inhibited  to  50%  and  52%  of  pretest  levds.  No 
adverse  rigns  or  symptoms  were  noted  in  any  of  foe 
studysul^eds.  Inaseparalestudy.atotaldailydosage 
of 0.078  mg/kg  of  paafoion  resulted  in  depression  of 
both  erytlmxyte  diolinesterase  (16%  deaease)  and 
plasma  diolinesterase  (33%  decrease)  levdscompaied 
tobasdtnevahies.  The  no-effect  daily  doseofpaiathion 
administered  toaduhs  was  between  0J56  and  0J78  mg/ 
kg  when  administered  over  tiineduiationsbetwecn  25 
andTOdays.  Theacutedosethatcouldbelefoalinan 
adult  has  been  estiimted  to  be  120  o^” 
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The  estimated  £atal  oral  dose  exceeds  70  mg/kg.’* 
Malathion  has  been  repotted  to  cause  mild  skin  and 
upper-iespintoty  initation  in  humans,  and  repetitive 
exposures  have  bim  reported  to  cause  alleigkcutane- 
oussensitization.  Acaseoftransientienal  dysfunction 
secondary  to  a  malathion-induced,  immune-complex 
nephropathy  has  been  reported.'^ 

Malathion  exposure  has  been  studied  in  human 
lymphoid cdl culture.  Anincieaseinsisterchrofnatid 
exdiange  was  noted  with  iitoeasing  doses  of  crilular 
exposure.  Metabolicactivation  with  liver  liomogenate 
had  no  demonstrable  etfect  on  the  exchange.  At  the 
highest  dosage,  cytotoxicity  was  demonstrated  by  the 
lo»  of  approximately  50%  of  the  cultured  cells.  A 
study  of  malathion-intoxkated  individuals  identified 
an  increased  fiequency  of  chromatid  breaks  aiui  tin- 
stablestructuralchroixiosomalabenations.  However, 
a  causal  association  could  not  be  demonstrated.’^ 
SigHs  muL  Symptoms  ofintoxicmtum.  Qinicalsigns 
and  symptoms  of  oigano}dioq;diate  insecticide  poi* 
soning  depend  on  the  typeand  exposure  dosage  of  the 
diemkal  pesticide  invited  and  are  usually  reported 
within  several  hours  of  exposure  CTable  14-8).  The 
a^mpttHnatic  individual  may  have  cholinesterase 
depression.  Qinicalsignsofexposurevatyfromlim- 
iied  kxal  effects  to  severe  ^stemic  efieds  sudi  as  coma. 


TABLE  14-8 

SIGNS  AND  SYMPTOMS  OFORGANOPHOSPHATE  POISONING 


Effectt 

Dimness  of  vistcn,  bhming  of  vision,  unilalera]  or  bilateral  miosis 

Resfriratory 

Rhioonhea.  breaking  difficulty,  CCT^h,  tightness  of  chest,  broochoconstrictioo,  increased 
bronchial  secretions,  ndieezing 

Cudiovascular 

Bradycardia,  systemic  hypotension,  atria)  or  ventricular  arrhythmia 

Castroinlestlnal 

Salivation,  nausea,  vomiting,  diarrhea,  invohintaiy  defecation 

Cutaneous 

Sweating 

Cenitourinaiy 

Frequent  mvohintaiy  urination 

FNS^at^ 

Peripheral  vaaoconstiiction,  tachycardia,  hypertensioa  hyperglycemia 

Musculoskeletal  (striated) 

Localized  or  gerteraltzed  fasciculation,  re^iiralory  insufficiency  or  paralysis,  weakness, 
danqn,  twitching 

r*MC  nfrarfiiSr  MaJ 

a« 

Anxiely.giddiness,  restlessness,  headache,  emotional  labibty,exceasivedieaiiang,iiightinares, 
confiiskw,  tremor,  ataxia,  coma,  cardioie^)balDiy  depression,  cyanosis,  hypoteBstovconvul- 
sions,iq>nea 

Parathion  has  been  sho%vn  to  be  fetotoxic,  but  not 
teratogenic,  in  laboratory  studies.  However,  ntethyl 
paratl^  has  been  associated  with  human  birtii  defects. 
Although  parathion  has  dcrrxmstiated  eff^  of  pos- 
siblegenotoxicity  in  lodentsfinduced  DNAalterations) 
and  in  vitro  studies  (Ames  aird  sister  chromatid  ex¬ 
change  assays),  it  is  not  considered  to  be  carcinogenic'* 
Dkaatum.  In  contrast  to  parathion,  the  estimated 
adult  oral  fatal  dose  for  diazinon  is  approximately  25 
g.  In  addition  to  cholinesterase  inhibition,  uKteased 
prothromlnn  time  has  been  reported  with  both  mala¬ 
thion  and  diazinon  exposure.'* 

Malalhkm.  Manifestations  rtJated  to  the  degree  of 
acute  toxic  response  seen  after  malathitm  exposure 
depend  on  the  total  dose  absorbed,  maiuier  expo- 
sure,anddunitionoftheexposurepiofile.  Thetoxidty 
ofmabthion  is  probably  due  to  its  metaboUcoxidation 
toinaIaoxon,whidthasbeenestiiTUktedtobeapprDxi- 
matdy  l/XK)-fbld  mote  potent  than  malathion  itedf  as 
a  dholinesterase  inhibitOT.  The  cholinergic  toxicity  is 
regarded  as  the  prindf^  hazard  associate  witii  expo¬ 
sure.  Malatiiion  and  its  metabolites  appear  to  affect 
both  erythrocyte  dtolinesterase  and  serum  butyryl- 
dioline  esterase  etuymes.  Malathion  has  rdatively  low 
acute  toxicity:  an  oral  dose  of24mg/day  was  required 
todepiesscholinesteraseactivities  in  adult  volunteers. 
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Signs  and  symptoms  of  acut«!  choUnestoase  inhibi' 
tion  and  subs^entcholineigic  intoxication  are  highly 
dose  dependent  Direct  skin  contact  can  cause  local 
fasdculation  or  sweating  without  other  effect  Simi- 
lady,  local  ocular  exposure  to  an  oiganophosphate 
insecticide  aerosol  may  cause  unilateral  or  bilateral 
miosis  %vithout  systemic  manifestations.” 

The  systemic  effects  of  this  group  of  pesticides  are 
the  (fl)  muscarinic,  (b)  nicotinic,  and  (c)  the  combined, 
more  severe  CNS  responses.** 

Muscarinic  Response.  The  classical  postjunctional 
muscarinic  response  to  acetylcholine  stimulation  is 
associated  with  activation  of  specific  receptor  sites  of 
postganglionic  parasympathetic  effector  cells.  Post¬ 
ganglionic  muscarinic  receptors  are  found  primarily 
in  smooth  muscle,  exocrine  glartds,  and  the  heart 
Muscarinic  sigtvs  and  ^mptoms  are  associated  with 
cardiac,ocular,  pulmona:y,cutaneous,  genitourirtary, 
and  gastn^testinal  manifestations.  Severe  bradycar¬ 
dia,  miosb,  wheezing  associated  «viih  btonchoctm- 
strktion  artd  bronchial  secretions,  sweating,  involun¬ 
tary  urination,  luusea,  vomiting,  diarrhea,  and 
im/^untary  defecation  are  common  muscariitic  re¬ 
sponses.  Exposed  workers  may  present  vrith  giddi¬ 
ness,  complaints  of  blurred  vision,  headache,  ttausea, 
abdominal  cramps,  breathingdiscomfort,cnr  with  vari- 
ousdegreesofnroreseveredistress.  Military  medicine 
uses  the  acronym  SLUDGE  to  aid  rapid  field  recogrti- 
tion  of  the  signs  atrd  symptorrrs  of  the  muscarinic 
response:  salivation,  {aoinution,  wrination,  defeca¬ 
tion,  gastrointestmal  complaints,  artd  rrttesis. 

Atropirte,  in  sufficient  dosage,  is  an  effective  anti¬ 
dote  hr  muscarinic  sigtts  associated  with  the  cardiac, 
respiratory,  artd  CNS  re^rottses.  Atropinizationcauses 
the  gastrointestinal  artd  genitourirtary  effects  to  irrt- 
prove;  however,  atrc^rtization  is  only  partially  effica¬ 
cious  because  it  neith^  results  in  enzyme  regeneration 
rtor  affects  nicotinic  receptors. 

Nkotink  Response.  Nicotinic  responses  to  acetyl- 
chdineoccuratmyoneuraliunctions^striatedmus^, 
preganglionic  autonomic  synapses  with  ganglia,  artd 
within  the  CNS.  Although  several  types  of  site-spe¬ 
cific  nicotinic  receptors  have  been  identified,  the 
acetylchoUrte  effect  on  nicotinic  sites  is  independent 
of  those  differerKes.  Muscular  responses  to  stimula¬ 
tion  of  nicotinic  receptors  range  from  easy  fatigue, 
mild  weakness,  twitdiing,  or  l^lized  fasdculation, 
to  severe,  getreralized  fasdculations  that  result  in  res¬ 
piratory  embanassrrtent  and  cyanosis. 

The  effects  of  stimulation  of  the  tticotink  receptors 
of  sympathetic  ganglia  can  result  in  pallor.  At  higher 
lev^of  sympathetic  nicotinic  stimulation,  hyperterr- 
skm  and  hypetglycentia  rtray  occur.  In  addition, 
tachycardia  that  results  from  ganglionic  tricotiruc  re¬ 
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ceptor  stimulation,  which  overrides  the  bradycardic 
effects  of  muscarinic  stimulation,  may  be  at»erved. 
The  nicotinic  receptors  of  the  CNSappear  to  be  impor¬ 
tant  in  nicotine  dependetwe;  headaches,  paresth^, 
and  tiredness  havebeen repotted  withnicotineadmin- 
istiation.**  Other  nicotinic  actions  on  the  CNS  cause 
tremor,convulsions,initiaI  respiratory  stimulation  ft^ 
lowed  by  re^tiratory  depression,  and  vomiting  (the 
latter  action  being  caused  by  direct  action  on  the  area 
postrema  of  the  brain  stem).^ 

Central  Nervous  Sifstem  Response.  Signs  and  symp¬ 
toms  of  CNS  poisoning  indude  anxiety,  apathy,  toxic 
ptychoste,resdessness,fatigue,headadte,nightmares, 
tremors,seizures,anddepressionofcardiac3nd  respi¬ 
ratory  centers,  which  can  progress  to  coma.'^’* 
Atropinization  and  oxime  therapy  are  efficacious  for 
nranagement  of  theCNStoxk  effects.  Anticonvulsants 
are  iridicated  to  provide  tirerapeutic  management  of 
seizure  control. 

Chronic  health  effects  bom  both  high-dose,  short¬ 
term  arrd  low-dose,  chronic  exposures  to  organojrfios- 
phate  compounds  have  been  reported  in  hunums.**^ 
Neuiomusoilar  signs  artd  symptonrs  associated  tvith 
this  rteuropathy  include  paresthesias,  eaty  fatigabil¬ 
ity,  cramps,  and  may  progress  to  gait  abrrormalities. 
Fatholo^cally,  the  delayed  peripheral  tretuopathy 
demonstrates  peripheral  demyeliruzatioiu  Tlw  rfo 
layedperipheraleffects  may  be  related  to  organophos- 
phate  bmdtng  of  a  "neurotoxic  esterase"  erwyme.** 
Neurobehavioral  signs  and  symptoms  iixJude  matty 
different  complaints  such  as  anxiety,  depression,  in- 
sonmia,  arrd  irritability.  Most  residual  neurological 
tymptoms  appear  to  resolve  within  a  year  following 
acute  intoxications.** 

Parathion  Intoxication.  Theonsetofsignsandsymp- 
toms  irtduced  by  parathion  has  been  unifortrdy  ac¬ 
cepted  as  the  standard  general  description  of  organo- 
phosphate  poisoning.  It  is  important  to  recognize  that 
the  sigits  or  symptoms  can  recur  for  days,  de^te 
therapeutically  efficacious  medical  management  dire¬ 
ful  patient  monitoringandadmirustration  of  iiKlkated 
therapeutic  management  must  be  assured  for  days 
after  parathion  or  other  organopho^rhate  poisoning. 

Clinical  signs  and  tymptoms  seen  in  children  are 
nnost  often  sent  by  alterations  of  central  rteurological 
status.  CNS  depresskm,  stupor,  flacddity,  and  coma 
are  the  most  common  signs  in  childretL  Dyqmea  is 
commonly  seen  in  duldren. 

Ingestkm  usually  results  in  ruusea.  foUorvcd  by 
incrutsedsalivation,abdc«ninal  cramps,  vomiting,  and 
diarrhea.  HypotheniUamayoccurasaneariysign,but 
is  rtota  usual  fmding.  Alterations  in  irrentalstatuscan 
marUfcst  as  confusion,  anxiety,  or  giddiness. 

Inhalation  b  usually  follomd  ^  riiinorrhea,  then 
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chest  tightness  as  exposure  doses  inaease.  Although 
miosis  may  occur  with  eye  pain,  ciliary  muscle  spasnw 
and  blurring  of  vision  in  topical  or  inhalation  expo¬ 
sure,  miosis  is  not  a  dependable  sign  for  ingestion  or 
cutaneous  exposures.  In  fact,  mydriasis  is  irot  an 
urtcommon  finding,  possibly  as  a  result  of  a  sympa¬ 
thetic,  reflex,  adrenal  response. 

Although  alveolitis,  followed  by  progressive  pul¬ 
monary  fibrosis,  has  been  report^  in  a  parathion- 
intoxicated  patient,'*  alveolitis  and  fibrosis  are  much 
morecommon  following  paraquatexposures.”  Qtemi- 
cal  alveolitis  is  probably  associated  with  other  ciiem- 
kals  in  the  pesticide  formulation,  rather  than  as  a 
result  of  exposure  to  the  cholirtesterase-inhibifing  in¬ 
secticide  itself. 

CNS  effects  sucii  as  decreased  vigilaiKe,  altered 
expressive  language,  dimmished  cognitive  fuiKtion, 
impaired  memory,  depression,  arudety,  and  irritatril- 
ity  have  been  reported.**  Other  signs  md  symptoms 
may  indude  visual  halluciiiatkms,  auditory  hallucina¬ 
tions,  and  psychosis. 

Cardiac  signs  of  orgarwphosphate  insectidde  pc^ 
scming  characteristically  indude  bradycardia  and 
hypotension,  although  reflex  tachycardia,  despte  sig¬ 
nificant  poisoning,  has  been  reported.  Heart  rale, 
alone,  is  an  urmdiable  sign  for  botii  the  degree  of 
exposure  and  efficacy  of  therapy.  It  has  become  iit- 
creadngly  apparent  that  acetyldtoliiK  in  the  cxKonary 
dmilation  can  cause  intense  vasospasm  resulting  in 
atrial  arrhythmias,  hypotenson,  di^  pain,  and  heart 
blodc.**® 

Acute  le^Mratoiy  failure  is  the  majcH-cause  of  death 
in  organophosphate  poisoned  patients.  Dyspnea, 
bronchcmrhea,  and  ta^)rpitea  represent  significant 
clinical  signs  of  respiratory  difficulty.  BrotKhospasm 
occurs  as  a  typical  pharmacological  muscarinic  effect 
Re^riratoiy  re^xmstveness,  sudiasdimitushed  re^ 
ratoiy  secretions  and  decreased  ventilatory  resistance 
are  rdiable  indicators  of  inhalation  toxidty  and  the 
efftcacyofmedicalmanagement  Delayed  respiratory 
crisis  may  occur  for  2  to  3  weeks  following  acute 
poisonings.** 

CUor^rifos  Intojdcation.  Muscular  weakness,  fiiti- 
gabi]ity,and  fasdculations  areconunonly  reported  in 
associationwithchlorpyrifospdsoning.  Theymaybe 
ddayed  in  onset  atkl  paralysis  may  occur.** 

Miosis,  lacrimation,and  blurred  vision  are  common 
signsofdilorpyiifos  poisoning.  Mydriasis  btmlikely, 
but  has  been  reported  in  association  with  severe  poi¬ 
sonings.**  Excessive  salivation  is  a  common  post¬ 
exposure  sign. 

Sweating  is  a  common  sign  cf  dilorpyrifos  expo- 
sure,butdoesnotoccurasauruversaIfmding.  Derrol 
irritation  and  sensitization  have  been  reported  but  are 


uiKoirunon.  Other  uncommon  effects  of  exposure  in¬ 
dude  a  repotted  alteration  in  prothrombin  time  and 
the  occunenceofhyperglycemia  in  severe  poisoning.** 

In  addition  to  nausea,  vonuting,  and  dianhea,  ab¬ 
dominal  pain  and  fecal  incontinence  may  occur  with 
cholinesterase  tnhiirition.  Urinary  fiequency  and,  in 
severe  cases,urinaiy  incontinence  havebeen  repotted. 

Dkzatumlntoxktttkm.  Nauseaboftenthefirstsymp- 
tom  that  follows  diazinon  exposure.  Othersignsand 
symptoms  range  in  severity  fiom  mild  gastrointestinal 
or  respiratory  effects  to  (^lineigic  crisis.  Vomiting, 
dianhea,  abdominal  cramps,  and  salivation  are  com¬ 
mon^  reported,  especially  with  cutaneous  or  gastro¬ 
intestinal  absorption.  Inludation  exposures  are  more 
commonly  assodated  with  rhinoTriiea  and  drest  tight¬ 
ness.  Ocular  effects  from  exposure  indude  tearing, 
mio5b,ciliaiymusde  spasm,  and  eye  pain.  Paiadoxi- 
calmydriarishasbeenrepoitedwithdiazinonpmson- 
ing  and  probably  b  the  result  of  a  sympatiietic  reflex 
respotrse.**  Weakness,  local  fasdculatkms,  drowri- 
ness,dizziness,headadte,and  behavioral  changesrep- 
resent  mild  to  moderate  neuromuscular  re^xmses  to 
exposure.  Lossofmuscularcoordination,  generalized 
t%vitdung,andc(mvulsion$representmorese\'eTeireu- 
ndogkal  consequertces  of  poisoning  with  diazinon. 

Malathkm  Intoxication.  It  b  important  to  note  that 
symptoms  occur  after  high-dose  exposures  to  mala- 
tl^n,  whidi  are  possible  only  in  unusual  drcum- 
stances  such  as  an  incorrect  applicatioiu  Inhalation  of 
malathkm  resulb  in  ocular  and  lespiiatoty  effiecb  as 
first  signs  of  exposure.  Ingestion  resulb  in  a  lo»  of 
appetite,  nausea,  vomiting,  abdominal  cramps,  and 
diarrhea,  whidi  may  appear  within  several  hours. 
After  skin  absorption,  k^I  signs  of  sweating  and 
twitching  may  occur  within  minutes  or  may  be  de¬ 
layed  for  several  hours.  Severe  signs  may  occur  fol¬ 
lowing  exposure  by  all  routes. 

Clinical  manifestations  of  malathkm  exposure  in 
children  may  differ  from  the  predominant  rigns  and 
symptomsassodatedwithadulbexposure.  CNSsigns, 
»ich  as  CNSdepresston,stupor,]oss  of  muscular  tone, 
and  coma  are  the  most  coinmonly  repotted  signs  of 
exposure  in  children;  respiratory  difficulty  iuu  abo 
been  reported.** 

Othersigns  and  symptomshavealsobeen  repotted: 
fever  may  persist  for  several  days;  alterations  in  pro¬ 
thrombin  time  may  occur;  and  hypeT:glycemla, 
glycosuria,  and  metifoolic  acidosb  without  kctosb 
have  been  reported  associated  with  severe  poison- 
ing.** 

MetHadTreiOmemt.  If  a  strong  likdihood  of  acute 
organophosphate  poisoning  exbb,  tiie  patient  should 
beti«9ted  imxnediatdywithmt  waiting  for  laboratory 
results.  The  usual  ABCs  of  emergency  care  apply. 
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healthcare  providers  must  ensure  that  the  patient  has 
a  patent  airway,  is  breathing,  and  has  adequate  drcu- 
latoiy  function  without  apparent  hemorrhage.  Oxy¬ 
gen  should  be  provided,  if  the  patient's  ccmdition 
indicates.  Individuals  who  attervd  the  victim  shoidd 
avoid  direct  contact  with  heavily  contaminated  cloth¬ 
ing,  vomitus,  skin,  attd  Ivir  by  wearing  PPE  sudr  as 
rubber  gloves  (at  a  nurumum). 

Plasma  and  erythrocyte  cholittesterase  enzyme  ac¬ 
tivities  should  be  rrteasured,  but  the  degree  of  conela- 
tion  between  the  levels  of  diolinestef^  irthibition 
and  clinical  eff^  is  imprecise.  In  some  cases,  a 
depression  of  ortly  50%  of  the  enzyme  activity  maybe 
associated  with  signs  of  cholmergic  crisis.  Theeorre- 
lation  between  cholinesterase  Iwels  and  clinical  ef¬ 
fects  is  unrdiable  and  should  not  be  used  for  medkal 
management 

In  addition  to  thedeterminations  of  erythrocyteand 
{dasma  cholinesterase  levels,  some  diriical  laborato¬ 
ries  may  perform  urinalyses  for  p-nitrophenol,  the 
parathion  leaving  group.  Aswithdioiinesterssclev- 
d5,thedetermination of  parathion-metabolite levels  is 
often  notareadilyavailableemergency  test  procedure. 
As  a  result,  medfoal  management  of  the  paraihioir- 
poisoned  patient  should  be  directed  by  tlw  patient's 
clinical  responsiveitess,  writh  cholmcsterasc  or  pesti- 
dde-metal»Iite  levds  in  urirre  scrvmg  only  as  subse¬ 
quent  measures  of  confirmation  of  exposure. 

Qinicaldtcmmconcanbifimedkal  matagement  must 
be  based  on  the  type  md  degt^  of  signs  exhibited  by  the 
acutely  poisoned  patient.  M^icalthcmpeuticinterven- 
tion  shcnild  rK>t  depend  on  degree  of  depression  of 
measured  cholin^erase  activity  for  the  following 
reasons: 

•  The  correlation  between  enzyme  levels  and 
dinkal  effects  is  poor. 

•  The  test  is  not  uruversally  available. 

•  Laboratory  report  times  are  too  time  consum¬ 
ing. 

•  Baselme  information  is  absent  in  rttany  acute 
poisoning  cases. 

As  a  result  the  measured  enzyme  inhibitions  may 
confirm  the  diagnosis  of  cholfocsterasc  inhibitor  in¬ 
toxication,  but  will  not  contributesubstantially  to  acute 
patient  tnanagemntL 

Asymptomatic  patients  with  documented  depres¬ 
sion  erfdiolinesterase  levels  should  be  carefully  ttumi- 
toted,  but  they  require  no  atropine  unless  signs  and 
symptoms  of  poisoning  evolve.  FbUow-up  evalua- 
tkms  of  cholinesterase  levds  for  adequatdy  treated  or 
dinkaily  stable  asymptomatic  patienis  whose  levels 
have  been  acutely  depressed  may  be  done  at  weekly 


intervals  unless  the  patient's  condition  dictates  more 
frequent  analyses. 

Becauseeariy-onsetrespiratorydepiesskmandgen- 
eralizedconvulsionsareexpectedafterseriousexpo- 
suressuch  as  intentional  ingestion,  inductionofemesb 
is  contraindicated.  If  necessary,  gastric  aspiration  or 
lavage  can  be  performed.  Protection  of  the  airway  is 
critical  during  nasogastric  proredures  and  may  be 
accomplished  by  atffed  endotradteal  intubation.  If 
lavage  is  performed,  the  return  volume  should  ap¬ 
proximate  the  amount  of  fluid  administered. 

In  the  management  of  ingestion,  an  activated  char¬ 
coal  slurry  should  be  administered  as  quickly  as  pos¬ 
sible.  A  total  of  30  to  100  g  of  diaicoal  should  be 
admirtistered  to  adults,  aitd  15  to  30  g  to  children.’* 
Administratkr  of  a  cathartic,  nther  with  the  diarcoal 
or  separately,  is  reomunended. 

AtropineThenpy.  Inaddition  to  respintoiydistress, 
patients  with  severe  sigttt  of  intoxication  have  profuse 
nasal,  oral,  and  airway  secretions.  It  is  imperative  to 
maintain  control  of  a  patent  airway,  using  suctim  if 
necessary,  urrtil  the  degree  of  atropinization  is  ad- 
equatetooontrolseaetionsartdtelievebrondio^Msm. 
If  hypoxia  is  suspected,  administtation  of  oxygen  (if 
available)  before  atto{^  is  injected  is  recommended. 
Atropirre  administration  has  been  associated  with  the 
precipitation  of  ventricular  fibrillation  in  hypoxic 
patients. 

Atropine  administration  for  symptomatic  patients 
b  imperative  Timely  administration  is  cnidal  re- 
gardJ^  of  the  route  pesticide  exposure.  Atropine 
sulfote  should  be  given  intravenously,  if  possible,  but 
IS  effecthe  when  mjected  intramuscularly,  e^xciaOy 
if  administered  via  the  current  military  Mark  I  atro- 
autoinjector.  Signs  of  adequate  atropine  admin- 
febalion  indude  drying  of  the  airway  secretions  artd 
improvement  of  re^nratory  efforts.  Atropineadmin- 
btiation  should  be  contimied  as  necessary  until  signs 
ofoigarK>pho5phatepobotungno]ongcrrGcur,soti)e- 
times  days  after  the  acute  poisoning  event  Thefever, 
disorientation,  and  delirium  associated  with  atropine 
use  reflect  signs  of  exce^iveatre^nne  administration; 
they  indicate  at  least  temporary  discontinuation  of 
atropine.  Atropine  administration  does  not  affect 
acetykholinestense  regeneration. 

’nwiypkaladultdoseofatropiiteb2to4ing,  which 
can  be  administered  every  10  to  15  minutes  as  needed. 
The  dosage  of  atropine  useful  for  managing  a  poi¬ 
soned  diild  b  0i)5  mg/kg  every  10  to  15  minutes  as 
needed.'*  Treatment  of  dioUniestefase  inhibition  b 
required  for  hours  or  days,  dependir^  on  the  indi¬ 
vidual  patient  artd  the  circumstatKes  of  exposure.  The 
treatment  of  patienbperisoned  with  oiganophoq^te 
insecticide  may  retpUre  a  toUl  of  several  grams  of 
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atropine  over  the  course  of  acute  recovery  from  poi¬ 
soning. 

Ox^  Therapy.  Then  is  no  effective,  medically 
approved  antidote  for  the  nkotinic  effects  of  cholines¬ 
terase-inhibiting  substances.  If  therapeutic  interven¬ 
tion  precedes  enzyme  aging,  oxinte  therapy,  such  as 
administration  of  2-pyridine  aldoxirrte  me^yl  chlo¬ 
ride  (2-PAM  Q),  acts  as  a  reversal  compoutul  (Hgtire 
14-5).  Improved  levels  of  active  ettzyme  within  the 
acetykholine-receptor  regions  results  in  improved 
disposition  of  freeacetylcholitre,  with  resultant  im- 
provenrentinthepatienfsstgitsandsymptofns.  Oxime 
therapy  is  recoimnended  for  patients  with  signs  of 
severe  pesticide  intoxication  such  as  severe  tivitching 
or  iasckulation,  significant  weakness,  or  resj^tory 
embarrassment.’*^  2-PAM  Cl  does  not  relieve 
broncha^>asmorbrondiorrhea,«duch  are  treated  with 
ocmcurrent  admirustiation  ctf  atropme.^ 

Pndidfmme  Therapy.  Pralidoxime  therapy  is  often 
hdpfol  in  acute  orgartophosf^te  poisonings.  It  is 
imperative  thtd  pralidoxme  be  administered  to  severely 
poisonaf  fttfimfs  who  ha  ve  neuromuscular  effecto  such 
asfascinilations,weakr>ess,ar>d  respiratory  paralysis. 
The  typical  dose  for  irulividuals  who  are  12  years  c4d 
orotderis  1  g  of  pralidoxime  delivered  intravenously 
over  a  minimum  of  2  minutes.  Children  ycxinger  than 
12  years  of  age  should  be  given  an  intravenous  dose  of 
20  to  30  mg/kg  slowly,  over  at  least  2  minutes.’^ 
Pialidoxhrre  is  ofnm  helpful  in  acute  orgartophos- 
fhate  poiscmings  and  is  indicated  in  severe  cases  of 
orgarrophoqihate  irrsecticide  pcrisorting  that  are  ac¬ 
companied  by  prtrfdund  weakness  at^  respiratory 
depression.  The  recommended  adult  dose  of 
pralidoxime  is  1.0  g,  administered  mtraverK>usly,ata 
rate  of  05  g/mimite  or  iidiised  in  250  mL  of  trornul 
salme  over  30  minutes.  For  initial  marugertrent,  the 
dose  can  be  repeated  up  to  three  times.  It  rtuy  be 
administered  in  intervals  of  6  to  12  hours  if  musde 
weakness  is  not  relieved  or  if  the  patient  remafos 
corrutose.  A  continuous  pralidoxinne  infusion  (500 
mg/h)  maybe  administered;however,this  alternative 
is  omside^  to  be  controversiaL” 

For  a  pdsoired  child,  pralidoxime  rrtay  be  adminis¬ 
tered  intravenously  atadosage  of  25  to  50  mg/kg  over 
SOminutes.  Further  admirdstrationiiuy  be  necessary 
ifmusdeweaknessand  associated  respiratory  depres- 
don  remain  uncoirected.’* 

Antiamvuisant  Therapy.  Medical  pcrsotmd  should 
be  prepared  to  promptty  administer  benzodiazapitres 
(diazepam)  as  anticonvulsants  for  seizure  activity  as¬ 
sociate  with  pdsoning.  The  occurrence  of  dini^y 
apparent  convulsions  has  been  recognized  as  a  sign  erf 
neunrfogkal  electrophysiological  seizure  aedvity.  If 
convul^^oocmvtiin^  administration  of  diaz^m 


as  a  direct  intravertous  bolus  is  imperative  to  preclude 
further  rteurological  damage  from  h)^xia.  Thetypi- 
cal  adult  dose  is  .5  to  10  mg  initially,  whidi  may 
be  repeated  every  15  minutes,  as  trecessary,  up  to  30 
mg.  For  the  convulsing  child,  a  dosage  of  0J25  to  0.4 
mg/kguptolOmgtotaldoseisreconWnded.  Intra¬ 
muscular  injections  are  slowly  absorbed  and  should 
be  avoided,  if  possible.  If  seizures  are  uncontrol¬ 
lable  or  recur,  irftenytoin  or  phenobarbital  should  be 
administerecL’*  Pk^tigmine,  succinyidtolme,  or  other 
choline^  agents  are  amtraindicaled  and  should  not  be 
administered. 

Compikatkms.  Pulmonaiy  edema  may  result  from 
inhalationofpestkide  formulaticHis  or  occur  asacom- 
plication  of  rnedical  martagement  Oxygenation  aird 
ventilation  must  be  maintained  and  arterial  blood 
gasesmustberarefuUymonitored.  IfPo^remainsknv 
in  spite  (rf  oxygen  adrninistration,  it  may  be  necessary 
to  ^d  positive  end  expiratory  pressure  (PEEP)  or 
continuous  pcjsitive  airway  pressure  (CPAP).  Careful 
fluid  marragement  b  essential  and  a  central  line  or 
Swan-Ganz  catheter  should  be  placed  to  monitor  fluid 
status. 

If  significant  itthalation  exposure  or  coirtcident  as¬ 
piration  occurs,  a  baselme  X  ray  should  beobtairted. 
Thb  b  especially  important  if  the  pesticide  formula¬ 
tion  was  concentrated,  contained  irritant  or  hydrocar- 
bon  compounds,  or  was  of  unknown  compositkm. 
Determining  arterial  blood  gases  ai>d  testing  pulttto- 
ruiy  furtetion  may  be  necessary  during  complicated 
trredical  marugerrtent  of  some  patients. 

Hypotension  may  occur  and  should  be  treated  by 
admiribtering  intravertous  fluids  and  {rfadng  the  pa¬ 
tient  in  the  Trendelenburg  position,  if  rtecessaty.  Pa- 
tienb  with  blood  pressure  that  b  unresponsive  to  fluid 
administration  may  require  careful  pressure  titration 
mwg  dopamitte  (2-5  pg/kg/min)  or  rtorepinephrine 
(0.1-02  pg/kg/min).'* 

Carbamates 


R — 0 — C~N— R* 

II 

O 

Carbamate  irtsecticides  are  cholmesterase  inhibi- 
tors(see Table  14-6).  ThesecompoutKlsateanassoci- 
ated  group  of  chemical  esters  with  the  general  struc¬ 
tural  composition  shown  above,  where  R  represents 
an  oxime,  alcohol,  or  phenol  and  b  the  leavit^  group 
associated  with  irUubition  of  the  dicrfittesterase  mol¬ 
ecule’*;  R'  represents  an  N-methyl  or  hydrogen 
atonu^^  The  nust  oonmKxtly  us^  carbamates  in 
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the  milttaiy  are  caibaryl  and  propoxur,  representa¬ 
tives  of  the  N-methylcaibainate  gnxip  (Table  14-9).” 

RoiaeofExpo$mt.  C^aibamatesareabsotbed  viaall 
routes  of  exposure,  although  dermal  absorption  is 
slight.’*  The  degree  of  acute  toxic  efi^  depends  on 
both  the  rapidity  of  absorption  and  the  cumulative 
dose.  Many  carbamate  insecticides  have  low  dermal 
toxicity.’* 

Medumism  of  Action.  Inhibitionoftheacetyldio- 
linesterasemolecuiebytheN'inethylcarbainatepesti- 
cide  group  differs  from  the  pho^horylatkm  reactions 
in  organophosfdiate  insecticides.  In  cmtrast  to  the 
xattter  stable  oiganopbosphatephosphorylationat  the 


esteratic  site,  catbamylation  of  the  enzyme  af^rears  to 
involve  attachment  of  the  carbamate  at  bodi  the  ait- 
ionkand  esteratic  sites,  whidt  is  similar  to  the  action 
of  acetylcholine.  Because  of  the  ready  dissociation  of 
the  eiuyme-caibamyl  complex  and  the  subsequent 
regeneration  of  the  active  enzyme  molecule,  caitNun- 
ate  oompouirds  are  rapidly  reversible  inhibitors  of 
acetylcholinesterase. 

Likeothercholinestetase-inhibitmgsubstances,car- 
bamates  are  not  directly  measured  in  blood.  Indirect 
measurement  ofexposure  to  carbamates  isdetemuned 
by  measuring  blood  cholinesterase  activity.  Because 
tte  interaction  between  the  carbamate  airddrolines- 
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tense  is  spontaneously  reversible,  the  residual  cho¬ 
linesterase  activity  usually  fails  to  correlate  with  the 
clinical  significance  of  the  exposure.'* 

Rapid  reversibility  of  the  carbamylated  enzyme 
complex  decreases  the  duration  of  the  clinical  signs  of 
poisoning,  allows  a  wider  dosage  range  between  the 
onset  of  symptoms  and  death,  and  decreases  the  slight 
dunce  of  documenting  the  level  of  depression  of  en¬ 
zyme  levds,  unless  a  blood  sample  is  aiulyzed  almost 
immediately  after  exposure.'*''*^ 

Metaboli^  of  carbaryl  involves  N-demethylation, 
hydroxylation,hydt  ilysis,and  conjugation.  Hydroly¬ 
sis  results  in  the  urinary  excretion  of  (0)  1-naphthol, 
which  accounts  for  more  than  20%  of  an  administered 
dose,  and  lb)  p-hydroxycaibamyl,  which  accounts  for 
approxiiiutely4%oftheadmiiUstereddo6e.  Urinary 
concentratkmofl-ruphtholhasbeenusedasabkdogi- 
cal  exposure  index  of  carbaryl  exposure.  Unexposed 
subje^  havebeen  reported  to  have  urinary  concentra¬ 
tions  (rft-naphtholbdow  023  mg/L  A^rniptooutic 
workers  who  were  exposed  to  ambient  air  concentra¬ 
tions  of  carbaryl  as  high  as  31  mg/m^  were  found  to 
have  uriiury  1-naphthol  concentrations  of  more  than 
42  mg/L  Although  no  standards  have  been  estab¬ 
lished  for  carbaryl  metabolites  in  urine,  urinary  1- 
iuphthol  concentrations  in  excess  of  4  mg/L  of  urine 
nuy  represent  significant  exposure  to  carturyL'* 
Dos^ependent  inhibitions  of  platelet  aggregation 
aird  aradudonic  acid  metabolism  in  platdets  have 
been  demonstrated  tobe  inhibited  by  carbarruteinsec- 
tiddes.  In  these  evaliutkms,  the  most  potent  carbant- 
ate  compound  found  wascarbatyl  which  was  shown 
to  inhibit  platelet  aggregation  ai^  diminish  products 
of  the  enzyme  cydooxygeiuse  at  concentrations  as  low 
aslOpM.  Kowever,radiolabeIedcarbaryIwasshown 
to  bitid  covalently  with  nrunerous  platdd  proteins,  in 
contrast  to acetylsalicyIicadd,whidiacetyIatesoniya 
singleplatdetprotein.  Acetylsalkylkaddisknownto 
specifically  inhibit  cydooxygenase  enzyirte  activity, 
whidi  b  similar  to  the  action  ctf  carbaryL'* 

Despite  ib  widespread  use  by  the  World  Health 
OrgattLzatkm  as  an  insecticide  to  control  the  mosquito 
vector  of  ntalaria,  otdy  a  few  mild  cases  of  propoxur 
poisoning  have  been  reported.  A  human  vt^unteer 
ingested  15  mg/kg  of  propoxur.  The  erythrocyte 
chdinesterase  fell  to  27%  ctf  the  baseline  within  15 
minutes.  The  subject  experienced  ruusea,  voitUting, 
bhirred  vision, sweating, aiKltadiycardia.  By2hours 
following  iitgestioath'  '.’bet  had  no  residual  signs 
or  symptoms  and  the  erzv  .-levds  were  vdthin  nor¬ 
mal  limits.  Adult  hi’  have  iirgested  sirrgle9Q-mg 
doses  without  any  apparent  symptoms.'* 

Although  delayed  rreurotoxidty  has  been  reported 
with  carbaryl  exposure  in  one  7S-year-dd  itun,  epide¬ 


miological  studies  of  human  carbaryl  exposures  have 
rtot  demonstrated  ddayed  neuropathy.  Male  human 
volunteers  who  irrgest^  carbaryl  dosages  of  0i)6  and 
0.12  mg/kg  for  a  study  period  of  6  weeks  had  rto 
dennonstrable  clunges  in  their  electroenceidialogram 
patterns.  Inadequatedata  from  human  studiesarid  the 
urreertain  rdevaiKe  of  existing  data  fiom  animal  stud¬ 
ies  limit  the  final  conclusions  that  can  be  drawn  con- 
cerrting  delayed  rreurotoxic  or  myotoxiceffeds  in  hu¬ 
man  populations.'* 

Signs tmd Sifmptoms ofExposmt.  Mudtur  vhati 
known  ootKeming  the  signs  and  symptoms  of  1.  iinati 
exposures  to  carbamates  has  been  ba^  on  studit 
adosdy  related  diemicalcompotmd,]Aysostigmine.^ 
The  dinkal  signs  and  symptoms  of  carbamate  poison¬ 
ing  are  wlentical  to  those  associated  with  oigajrophos- 
phate  poboning  (see  Table  14-6).  Carb^tes  are 
bdieved  to  have  a  wide  safety  mar]^  because  the 
signs  of  diolincsterase  poisoning,  whidi  resolve  soon 
after  the  exposure  b  discontinued,  are  rapidly  revers¬ 
ible.  The  most  coirunon  signs  and  tymptoms  indude 
Iacrimation,salivation,  miosb,<x>nvuisi^aiKl  death.* 

Exposure  to  carbamate  insecticides  nuy  lead  to 
dinical  manifestatioits  of  choimergic  erbb  similar  to 
those  found  with  the  organqdio^>hate  insecticides. 
The  dassic  sigtts  and  sympto^  associated  with  cho¬ 
imergic  activity  may  itKlude  inenased  salivation, 
lacrimatkm,  urinary  iiKxmtineiKe,  Jiarrhea,  gastro- 
intestirtal  cramping,  and  emesis.  Clinical  QMS  signs 
and  symptoms  of  carbairuite  poboning  arelessintense 
and  shorter  in  duration  thu  Biosc  associated  with 
comparable  organoi^tosphate  pesticides.’* 

Ooilar  signs  of  exposure,  indud  mg  miosb,  tearing, 
ciliary  ^asm,  severe  ocular  or  retroorbital  pain,  at»d 
diminished  acconuTKxlation,  may  occur.  Miodsnuy 
bceitheruirilafaaal  or  bilateral  and  b  often  recpgnized 
by  the  patient  as  visual  blurring,  especially  in  a  dark¬ 
en  roonn.  Mydriasb  may  occur  as  a  re^t  of  reflex 
adrenergic  stitnulation,  aldrough  thb  b  unusual** 

Respiratory  re^fwnses  to  cubaiyl  mtoxication  itt- 
dude  riunorrhea,  increased  bronchial  secretions, 
brondwqMsm, wheezes, thond»Lat>d rales.  Thepa- 
tient  may  also  experience  chest  t^tness. 

The  major  cutaiwous  sign  associated  with  local 
dermal  absorption  b  locali^  sweatii^  On  careful 
observation  ^  the  skirt,  Ltsckulations  may  be  ob¬ 
served  in  the  uitderlyii^  skeletal  musde.'* 

In  addition  to  die  localized  fasekubtiotts,  other 
neuromusatlarcfi^nuyindudegeneralizedlossof 
musde  tone,  wideiqjTead  muscular  twitchii^and  overt 
convulsive  activity,  whidt  can  result  from  systemic 
stimulation.  Oth^  neurokigicai  nspoiaes  indude 
weikitess,  lassitude,  incoordiitation,  and  slurred 
speech.  Death  bprimaiily  the  result  of  central  re^ 
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ratoiy  dqncssion  and  paralysis,  and  is  usually  pie- 
ceded  by  or  associated  with  generalized  convulsions, 
fecal  or  urinary  incontinaKe  or  both,  and  coma. 

In  addition  to  the  direct  effects  of  the  pesticide, 
brondiopulmonary  sequelae  may  result  from  inhala¬ 
tion  of  the  components  of  the  pesticide  formulatkm. 
For  exam|^,  inhalation  of  the  supposedly  irtertdust  or 
the  hydrocarbon  vdude  may  cause  throat  irritation, 
dyspnea,  pneumonitis,  or  pulmonary  edema. 

If  die  individual  who  is  exposed  to  the  pesticide 
demonstrates  cardiac  efriects,  t^ycardia  is  die  meet 
coininonsign:tad)ycardiacanoccur,however,possi- 
bty  as  a  re^  of  rdlex  re^xHise  to  bradycardia. 

Disseminated  intravasailar  coagulation  and  kid¬ 
ney  danuge  have  been  reported,  and  ddayed  periph¬ 
eral  neuropadiy.simiiartodiat  caused  by  someoigano- 
phosphotus  cooqmunds,  was  reported  in  one  case.** 
Widimoresevete  exposures,  mental  confusion,  loss 
of  muscle  coordination,  tremois,  or  convulsions  may 
occur.  Death  can  result  from  respiratory  arrest  of  CMS 
origin,  paralysis  of  reyiratory  musculature,  or  intense 
broncliOThea  with  bronchooonstriction.** 

MeJiaU  Tnmtm§emt.  The  administration  of  basic 
life-saving  praetkes  and  decontamination  of  the  skin 
ividi  soap  a^  water,  if  indicated  by  drcumstances,  are 
the  essential  dements  of  early  first  aid  and  medical 
care.  Anal3rsisofthe|dasmaandetyduocytedtolines- 
terase  lev^  are  of  no  benefit  in  the  medical  manage¬ 
ment  of  these  patients.  Even  in  dreumstanoes  where 
depressed  eiuyine  levds  could  be  demonstrated,  the 
d^yinob(airdngthere$ult5wouldseverdycompn>- 
mise  the  usefulness  of  the  engnne  levels  as  diagnostic 
and  prognostic  tools.  Becausetheinteiactionbettveen 
thecarbamatepesticidesanddiolinestetase  molecules 
is  readily  reversible,  cruyme  levds  may  be  normal 
de^iite  overt  signs  of  poisoning.  In  addition,  file 
tremendous  variability  between  laboratory  mefiiod- 
otogies  and  reported  cholinesterase  activity  units  se¬ 
ver^  compromises  meaningful  interpretation  of  re- 
ported  resi^  in  typcal  patients. 

Induced  emesb  b  not  tecommended  fbOowing  car¬ 
bamate  ingestion.  After  nasogastric  suction  has  K-en 
perfonned,  administration  of  activated  charcoal  anda 
cafiiarticbrccotranended.  Theadult  dose  of  activated 
diarooal  is  usually  between  30  and  1 00  g;  for  diildren, 
IStoSOg.” 

Direct  eye  contact  or  splash  should  be  treated  by 
irrigation  with  copious  amounts  of  water  for  at  least  1 5 
minutes.  Medicalevahutionistecommended  inmost 
circutnstanoes,  e^secially  if  signs  of  irritation  such  as 
pain,  chemosb,  lacrimatian,  or  photophobia  persist 
If  significant  inhalation  eqxnure  or  coincident  as¬ 
piration  occur,  a  baseline  di^  X  ray  should  be  ob¬ 
tained.  Thb  is  c^wdally  inqiortarH  if  the  pesticide 


formulation  was  concentrated,  contained  irritant 
or  hydrocarbon  compounds,  or  was  of  urdctiowncom- 
posUion. 

Ahvpine  administnakm  for  symptomatic  patients  is 
imperative.  Timely  administrution  is  crucial,  regardless 
the  route  of  pesticide  exposure.  Although  best  adminis- 
tered  intravenously  in  life-threatening  dreumstanoes, 
atropine  is  also  effective  if  administered  intramuscu¬ 
larly,  particularly  if  delivered  by  the  atropine 
autoinjector.  Atn^iine  administration  should  be  ti¬ 
trated  to  the  patient's  need  based  on  resultant  signs  of 
atrppinization.  In  cases  of  carbanute  poisoning,  fiie 
mostrdiaUes^ofatropineadequacybthedegreeof 
drying  of  file  pulmonary  seoetions. 

The  typical  aduh  dose  of  2  to  4  may  be  carefully 
adminirteied  every  10  to  15  mirmtes  as  needed.  The 
dosage  of  atropine  useful  for  fiie  management  of  a 
poisoned  diQd  bOJ)6  mg/kg  every  10  tol5  nUnules  as 
needed.**  The  treatment  of  diolinesteraae  inhibition 
associated  with  carbamate  pobonir^  may  be  requited 
forhours  or  da3^,  depending  on  the  individual  patient 
and  the  drcumstances  of  exposure. 

OinicaDyapparent  convulsions  havebeen  accepted 
historically  asastgn  of  neurological  seizureactivity.  H 
cottvulskms  occur,  timely  adnomstration  of  diazepam  asi 
direct  intraverums  Mus  is  imperative.  The  lypical  adult 
dose  b  5  to  10  mg  initially,  which  may  be  repeated 
every  15  minutes  as  needed  up  to  30  mg.  foe  fiie 
convukti^  difid,  the  recommended  dosage  b  025  to 
0.4  mg/k^  up  to  10  mg  total  dose.  Intramuscular 
ii^ections  ate  slowly  absmbed  and  should  beavoided, 
if  possible.  If  seizures  are  uncontrollable  or  recur, 
phenytoin  should  be  admirustered.**  Pl^sostigmine 
administration  is  contraindicated,  and  its  use  shnSd  be 
avoided. 

Theadrruiibtrationofpialidcndtiieboofdtaindkated 
in  pure  carbamate  pobonit^  The  addition  of  oximes 
su^  as  2-PAM  Q  marked^  increase  carbamate  toxic¬ 
ity  and  may  cause  death.*^**^  Useofpialidoximeb 
controversial  in  carbamate  poisonings  ftatareconyli- 
cated  by  ofiier  factors  su^  as  kne^  oiganophos- 
phate-conibinedpoboning  or  unknown  drcumstance 
of  poboniiig.  AUwugh  atropine  b  efiective  i^ainst 
file  muscarinic  manifertations  of  carbamate  pobon- 
ing,  it  b  ineffective  against  the  nicotinic  manifesta- 
tions. 

However,  some  authorities  recommend  that 
pralidoxime  should  be  gfven  vdien  UfMhreatening 
yrrqitoins  are  present^  The  recommended  adult 
dose  b  1 J)  g  administered  intravenously  ot  a  rate  of 
(L5  g/ttdn,  or  infused  in  250  mL  of  normal  saline  over 
30  mimites.  The  dose  may  be  repeated  up  to  three 
times  for  initial  management  Praladoxisne  may  be 
administered  in  inter^  of  6  to  12  hours  if  muscle 


515 


OccupftiomI  Htaltk  Ihc  ScUter  and  the  ludusttkl  Base 


wealoness  is  not  relieved.  As  an  alternative,  an  tnfii* 
skm  of  500  tng/hour  may  be  administered. 

Fora  poiscmed  child,  inalidoxime  may  be  adnunis' 
tered  intravenously  at  a  dosage  of  25  to  50  mg/kg  over 
SOminutes.  Furtheradministration  may  be  necessary 
if  musde  weakness  and  associated  respiratory  depres¬ 
sion  remain  unconected.*^ 

Oiganochlorine  loscctkidea 

The  four  dasses  of  organochlorine  insecticides  are 
(1)  DDT  and  related  derivatives  of  chlorinated 
diphenylediane;  (2)  cyckxlienes.  inchidu^  diddrin, 
heptachkir,  and  dilordanr,  (3)  lindane  (the  gamma 
isomer  of  hexachlorocydohexane);and  (4)  toxaphene 
(a  mixture  of  ddorinated  teipenes).^  Substaiwes  in  dus 
group  are  known  for  their  biodegradabiiity  in  the 
environmentaocumulattoninhumanandanix^adi- 
pore  tissues,  and  carcmc^genicity  in  laboratory  animals. 

The  acute  toxicity  and  human  hazard  potential  of 
ocgaxmdtloiine  insecticides  are  highly  variaUe  and 
are  influenced  by  the  rate  of  exposure,  route  of  expo¬ 
sure,  and  ^pedBcdiemica]  compound  (seeTaUe  1^). 
For  exam^,  dermal  absorption  b  much  greater  of 
hexachlorocydcdiexane  (the  tedinical  grade  indudes 
thegamma  isomer  lindaneland  the  cydodiene  deriva¬ 
tives  fltan  for  the  ethane  derivatives.  The  potential 
acute  human  toxidty  hazard  for  these  compounds  b. 
horn  highest  to  low^  endrin,  aidrin,  didtfaiiv  chlor- 
dane,  toxaphene,  chlordecone,  heptachlor,  IXXr,and 
methoxyddor.  DicofoLmeflKixychlor.andhexachlor- 
obenzene  have  limited  CMS  toxidty;  however,  in  ex¬ 
treme  overdoses,  CNS  depression  may  occur.** 

Orgaiwefatormeinsectiddes  are  primary  represen- 
tatives  of  the  broader  group  of  chlorinated  hy^kocar- 
bon  pesticicks.  Other  lepesentatives  of  the  chlori¬ 
nated  hydrocarbons  have  been  used  as  fumiganb, 
herbicides,  fungicides,  and  nematoddes.’  Thechemi- 
cal  structures  and  sdected  toxicological  activtties  for 
representative  orgaiwchlorine  insecticides  are  found 
in  TaUe  14-10. 

The  precise  medumbm  of  action  of  many  of  the 
OTganochlormeittsecticklesTeitiaitisunkK>wn.**SttKe 
1944,  DDT  has  been  known  to  affect  the  irervous  sys¬ 
tem;  however,  the  precise  medumbm  of  action  re¬ 
mains  incompletdy  described.^  IXTT  b  thou^t  to 
exert  its  complex  toxkoiogkal  action  through  its  im¬ 
pact  on  the  fluxes  of  sodhtm,  potassium,  arul  caldum 
across  the  nervecril  membrane,  but  measurements  of 
ionic  potentiab  differ  among  species.  Inadditkm,in 
rabbit  Srain,  DDT  has  been  sho^  to  inhibit  theaction 
ofNa  *-h^’*aderxisinetri}dwsphatase(ATRase),an 
enzyme  re^xmsmle  for  km  movement  in  flte  nervous 
system.’*  The  net  effect  of  these  kmic  and  eittymatic 


interactiofis  b  a  slowed  dosing  of  the  sodium  diaraid, 
with  prolongation  of  the  hyperexdtable  state  of  the 
nerve  cdl  following  nerve-impulse  transmisaon.’^ 

In  contrast  to DDT.lindaneandthecydodienesfeg, 
diddrin)  appear  to  exert  flidr  toxic  effeds  at  flie  nerve 
^napse,wheTetheiractionnsultsinincreasedqxm- 
taneousand  evoked  ideasecdneurotransmitter.’*  lin¬ 
dane  and  diddiin  ad  on  the  ganglion,  rather  than  the 
axon,  where  increased  membrane  permeability  to  cal¬ 
cium  wasdemonstrated.  Inadditkm,  they  appeared  to 
inhibttOi**-Mg**ATPase,tdikiiinfluenresflteiafoc>f 
caJdum  extrusion.  Diddrin,  lindane,  and  heptachlor 
epoxide  have  all  receidly  been  shown  to  be  potent 
competitive,  stereospedfic  inhibitors  of  flie  pkrotoxin 
receptor.  Asansultcrfflibinhibitiomraminobutyric 
add  (GABA)  and  GABA-rdated  transmbdon  b  af¬ 
fected.  GABA-induced  ddoridepcnneabilttybinhib- 
ited,  with  the  result  that  the  nerve  cdl  remains 
hyperexciitable  after  sdmulatioa  DDTandmiiexwere 
not  found  to  bind  to  Are  piaotoxin  receptor.** 

Animal  cxperiimntatkm  aiMl  human  epidemiologi¬ 
cal  stjdies  have  demonstrated  that  chronic  exposure 
todilocinatedhydfocaibonsTesuhsinbioaocumolation 
in  adipose  tissues.  Experimental  observations  wifliin 
these  test  groups  demonstrate  sagidScant  difletenccs 
in  tire  nrebdxdbm  and  storage  in  tire  adipose  tissue 
depots. 

Numerous  iton^redflc  signs  and  symptoms  have 
been  reported  after  acute  otganochlofirre  exposures. 
Sensory  dbturbances  such  as  hyperesthesia  or 
paresthesia  may  be  either  early  or  low-dose,  acute 
effects  ofDDTpoboning.  Headache;dizziness,voiiut- 
ing,irtoooidination,andtreflnorriuyprc>gresstoxnyc>- 
doniciefidi^  convulsions,  or  both.  ItKlividuakt^ 
are  exposed  to  cydodicires  may  present  with  convul¬ 
sions  as  tire  first  sign  of  pobonmg  as  loi^  as  48  hours 
after  acute  exposure.  Increased  iwuronal  initadiQity 
Tcsultsmexdtation,convulsions,andpossiblycomaat 
hi^  doses.  Cardiac  dysrhythmia  may  also  occur.**” 

Several  of  tire  oiganoddoriire  insecticides  (eg,  al- 
diin  and  heptachlor)  stmnilate  hepatic  nriorosomal 
enzytrres  at^  utrdergo  xenobiotic  transformation 
through  epoxide  derivative  bttennediates  (Rgure  14- 
6).  The devdopmentarrd storage olthescinterreedi- 
ales,  and,  in  anbnaItnodds,evidence  for  their  caicino- 
geiuc  potential.  havereinfbtcedtheconoetirtiMittrrany  _ 
^  there  cxMxqxmnds  are  suspect  hurnan  carcinogens.* 
Hbtopathological  dianges  have  been  noted  in  the 
liven  c>f  chlordeccme  workers;  however,  devation  of 
their  hepatic  enzymes  indicative  of  damage  was  not 
observed.  Reductions  fai  ^term  coonb  have  been 
noted  in  workers  who  have  been  exposed  to 
chlordecone  and  dichlorobromopropane.  Blindness 
has  been  reported  in  sheep  that  have  been  exposed  to 
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TABLE  14-10 

lOXIGOLOGY  OF  SELECTED  OBGANOCHLOBINE  INSECnODES 
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HtpiacNor  HipMcNgrEpaaid* 


Hg.  144.  Whm  liw  paveitf  peatkide  compouiKl  feptocUor  is  nwtabotized  by  the  hqMtic  P-^  enzjm  system,  Ae  fcsultant 
metabolite  htptocfebr<pttndf,asmpedcattinogen,»fanned.  The  inetaixalism  of  chlcirianetochloidiineepoKkfci,ato 
carcinogen,  is  similar. 


endosulfan,  and  mirex  has  caused  cataracts  in  dte 
rodent  Chronic  exposure  to  chlordecone 

hasbeenasaociated  widiwe^ht  toss,  weakness,  tremor, 
shined^)eec}i,cognitivedianges,andabnonna]  liver- 
enzyme  profiles. 

LJUQfmmMe 

Chlordanehasbeenwiddyusedasanenviroranm- 
tally  persistent,  highly  effective  termiticide.  Asare- 
sult  ^  its  efficacy  aitd  popularity,  large  immbers  of 
psticide  operators  and  ntonbers  of  die  general  popu¬ 
lation  have  been  exposed.  Thexenobiotic  metabolism 
of  chlordane  hasbe«  evaluated  in  pest-coidrot  opera¬ 
tors:  diloidane  and  its  metabolites  (oxydilordane, 
heptachlor  epoxide,  and  fnms-nonachlor)  were  identi¬ 
fied  in  the  of  some  of  the  pest-control  opera  tors 

but  not  in  the  control  subjects.  The  concentration  of 
dilordane  and  its  metabolites  corrdated  %vdl  with  the 
numberof^irayingdaysmthepieviousSmonths.  As 
aresulttheconcentration  of  dtlordaneandits  metabo¬ 
lites  has  been  suggested  as  a  biologkal  monitor  for 
chlordane-exposed  workers.  Altho^  the  chemical 
compounds  can  be  identified  at  rather  low  concentra¬ 
tions  in  blood,  no  condation  between  blood  concen- 
tiations  and  health  effects  has  been  puUtshed.  Conse¬ 
quently,  the  utility  of  the  biolo^cal  monitoring 
capability  for  chlordUne  and  its  metabolites  remains 
spixulative  and  is  not  routinely  recommended.'* 

Purified  chlordane  has  bem  reported  to  induce 
cytotoxic  effects  in  human  liver  cell  cultures.  Inthat 
sy$tem,chlotd;ineexposureiesultedingrowthinhibi- 
tion  and  alterations  of  cdhilar  morphed^. 

The  fatal  dose  of  chlofdane  for  an  adult  has  been 
estimated  to  be  between  6  and  60  g.  Onset  of  dinical 
s%;ns  and  synqitoms  ivould  be  expected  between  45 
tnimites  and  several  hours." 


Route  of  Eapoutn.  Chlordaneand  its  formulations 
are  lipophilic  and  may  be  readily  absorbed  following 
skin  contact,  irihalation,  and  ir^pstion.  Asaresultof 
its  widespread  use,  persistence,  ease  of  cutaneous 
absorptkm,  lipophilic  nature;  and  preferred  in  vivo 
lipid-affiliated  storage;  the  EPA  identified  almost 
ubiquitous  presence  ^  chlotdane  in  samples  of  body 
fot  and  breast  tnilk  from  hutitan  populations.* 

Sigos  Mi  Sjfmftoms  ofExfoomt.  Because  dilor- 
dane  and  rdated  pesticides  disrupt  nervous  system 
functions,  patients  may  present  a  spectrum  of 
CNS<stimulation  findings.  Theearliests^pisof  poi¬ 
soning  are  related  to  inaeased  sensitivity  to  stunufi. 
Hyperexcit^iility  of  the  CMS  usually  manifests  as 
nervousness,  agitation,  irritability,  anmesia,  and  gen¬ 
eralized  hyperactive  reflexes.  Cycles  of  excitement 
followed  ly  depression  may  occur  repeatedly.  More- 
severe  signs  indudemusde  twitching,  treinor,incoor- 
dination,  and  ataxia.  The  most  severe  neurological 
signs  indude  donic  convulsions,  with  or  without 
coma.** 

Respiratory  depression  may  occur  as  an  unusual 
result  of  chlordane  intoxication.  Aspiration  of  dilor- 
dane  formulations  that  contain  petroleum  distniates 
iriay  result  in  chemical  pneumonitis.'* 

Gastrorntestinal  effe^  such  as  nausea,  vorrdting, 
and  diarrhea  have  been  repotted  following  ingestion 
ofchlovdane;  Extensivecutaneouscontactniayresult 
in  dermal  irritation.'* 

The  EPA  conskieis  chlordane  and  rdated  com¬ 
pounds  to  be  potential  human  caidnqgens.*  How¬ 
ever,  epideinkjpgical  studies  of  workers  in  flie  dilor- 
dane-piodudng  industry  have  Idled  to  identify  an 
increaoed  occurrence  of  caiKer.  Exposure  to  dikir- 
dane,  heptachlor,  or  both  has  been  r^ted  to  aplastic 
anemia  arrd  acute  leukemia  in  several  cases,  flie 
reUtiomhip  between  these  chemkab  and  the  adverse 
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health  effects  was  inadequate  to  reflect  a  causal  asso¬ 
ciation.  In  another  letnjqiective  study,  an  uncertain 
cause-and-effiect  relationship  was  suggested  between 
the  occurrence  of  neuroblastoma  in  several  children 
and  possiUe  chlordane  or  heptadtior  exposure.'* 

In  a  prospective  mortalit}'  study  directed  toward 
emjrfoyees  ^  a  chlordane  p^uetkm  plant,  workers 
wiUi  ^  highest  risk  of  exposure  appeued  to  demon¬ 
strate  an  inverse  idationdiip  between  exposure  and 
cancerrisk.  Thestudyidenliliedanunexplatnedex- 
cess  of  deadis  due  to  cerebrovascular  disotse** 

Mediad  Trettmait.  As  with  any  pestidde-poi- 
soned  patient,  basic  life  support  and  early  deoott- 
tanurution  procedures  are  essential  elements  of  tttedi- 
calmatMgemenL  After  the  contaminated  dodung  has 
been  reinoved,  the  patient  should  be  decontanuruted 
%vith  soap  and  water,  then  topical  alcohd,  and  then 
soap  and  water  again.** 

fo  alert  patients,  emesis  should  be  induced  widi 
^ntpof  ipecac  in  cases  of  recent  substantial  ingestioR. 
In  addition,  administration  of  activa  ted  charcoal  and  a 
cathartic  is  recommended.** 

As  a  consequertoe  of  the  itKreased  myocardial  irri- 
tability  associated  with  orgarwchlorme  ptnsoning, 
admiriistration  of  epinefdume  or  odier  adrenergic 
amines  nuy  predpitate  refractory  ventricular 
anhyduruas.** 

Seizure  activity  should  immediatdy  be  treated  widi 
diazepam  administered  by  intiavertous  bohis.  The 
typical  adult  dose  is  5  to  1 0  mg  irudally,  whidi  may  be 
repeated  every  15  minutes,  as  needed,  up  to  a  total 
dose  of  30  mg.  For  seizure  activity  in  a  chQd,  the 
recommended  dosage  of  0.25  to  0.4  mg/kg  should  be 
administered  intravenously.  In  die  duld,  diazepam 
doses  may  be  repeated  up  to  a  total  dose  of  10  mg. 
Uncontrdlable  or  recurrent  seizures  should  be  man¬ 
aged  through  administration  of  phenytoin.** 

Excretion  of  chlordane  (and  a  related  otganochlo- 
tine  pesticide  dilofdeconelmay  be  acederatiri  by  oral 
administration  of  cholestyramine,  wluch  fosters  re¬ 
moval  from  the  cyde  of  enterohepatic  dreubtiOTL 
Dialysis,  exchange  transfusion,  and  hemoperfusion 
are  probably  ineffective.** 

MephidUor 

Heptacfilor  epoxide  has  been  identified  as  a  me¬ 
tabolite  of  heptachlor  in  both  animals  and  humans.  In 
transformed  human  cdl  cultures,  exposures  both  to 
heptadilor  and  to  its  epoxide  induce  unsdieduled 
DNA  synthesis,  indkad^  possible  genetic  damage.** 
Heptadilor  is  absorbed  following  cutaneous  contact, 
inhidation.  and  ir^estion.  The  doM  required  to  induce 


acute  toxk  effects  in  humans  varies  with  the  route  and 
rate  of  exposure  (see  figure  14-6). 

Signs  mni  Symptoms  of  b$toxk»tUm.  Increased 
sensidvitytoexternalstimuliandCNShyperexdtabil* 
ily  are  the  first  adversesigns  of  exposure  to  hqrtachlor. 
Acute  toxic  signs  of  exposure  indude  hyperactive 
refiexes,musculartwitdihig,tremor5,ataxia,anddonic 
convulsions  with  or  wid»ut  coma.  Respiratory  de¬ 
pression  may  occur  concunrendy  with  convulsions. 
Repetitivecydes  of  exdtability  arid  depression  may  be 
seen.  CardiKiiritalrility  and  contractility  alterations 
can  initiate  dysrythmias.^  Ingestion  may  cause  nau¬ 
sea,  vomiting,  diarrhea,  gastroenteritis,  anorexia,  or  a 
ddayed-onset  hepatitis.  Sldn  irritation  has  been  re¬ 
ported  following  cutaneous  contact'* 

Aplastic  anemia  and  neuroUastoma  have  been  re¬ 
ported  in  patients  following  possible  heptadilor  expo- 
sures;  however,  a  causal  association  has  not  been  idi^ 
tified.  If  ingestion  and  subsequent  aspiration  of 
heptadilor  pesticide  formulations  occurs,  chemical 
pneumonitis  should  be  anticipated.** 

Medicml  Trerntment  Patients  contambuted  with 
heptachlor  should  be  decontaminated  with  soap  and 
water.  Some  audioritiesreconancnd  an  alcohol  ivash 
fi^Iowing  the  soap  and  water,  followed,  in  turn,  by 
another  soap  and  ivater  wash.  Three  soap-and-water 
decontamination  proceduieshavebeen  recommended. 
Particular  attention  to  decontaminating  the  hair  is 
essentiaL** 

Obtaining  levels  of  dilotinated  hydrocarbons  or 
heptachlor  in  whole  blood  or  serum  b  not  useful  in 
acute  toxic  exposures.’*  In  most  cases,  blood  levds  of 
heptachlor  or  ib  metabolites  reflect  cumulative,  rather 
thmacutercxposuies.  FurthennoTe,theseblood-dicin- 
btiy  anafyses  are  usually  not  routindy  availaUe  in 
most  din^  laboratories.  Because  laboratory  results 
win  probably  not  be  available  to  assist  witii  early 
diagnosb  or  therapy,  treatment  must  be  based  on  a 
cardul  workplace— or  intentional  poisoning— histori¬ 
cal  profile.  As  with  other  organodilorinepoisonit^, 
if  a  history  of  heptadilor  exposure  b  obtained,  the 
admmistnttion  of  adrenergic  mnines  is  to  be  moided:  theg 
nmy  increase  myoeardMirrhabOihf  and  precipitate  refrac- 
toryveidrkular  arrhythmias.^ 

If  an  alert  patient  has  ir^ested  a  possibly  toxic  dose 
of  heptadiIor,einesb  should  be  induced  with  syrup  of 
ipecac  Emesbb  most  effective  witfiin  30  minutes  of 
ingestion  of  tiiepobon.  An  activated  diaicoal  slimy 
and  catiiartic  should  also  be  administered.  Through 
interference  with  the  enterohepatic  circulation  of  the 
compound,  chdestyramine  h»  been  reported  to  in¬ 
crease  excretion  of  chlorinated  hydrocarbons  sudi  as 
dilordeoone  and  chlordane.  Hemodialysb  and  ex- 
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dange  transfusion  probably  would  not  be  effective 
tiierapeutic  modalities  for  heptadilor  pmsonings.** 

If  seteURs  occur,  diazepam  should  be  carefully 
administered  as  an  intravenous  bolus  of  5  to  10  n^. 
Diazepam  may  be  repeated  every  15  minutes,  not  to 
exceedacunudalivedoseofSOmg.  Ifconvulsionsfail 
to  respond  to  diazepam,  or  if  they  recur  after  initial 
therapy,  phenytoin  should  be  administered.^^ 

Boole  Inaectkidea 

Boric  acid,  is  also  known  as  boracic  add  or 

orfoobocicadd.  Its  main  use  is  as  a  common  tablet 
formulation  for  pesticide  ntanagemertt  of  codaroadi 
infestatioa  AUhougjh  the  meduuusm  of  action  in 
humans  is  unknown,  the  end  result  is  a  metabolic 
addosb  with  associated  dectrolyte  abtuxmalities. 
Signs  or  syit4)toms  of  toxic  eqiosure  are  tK>t  seen 
unless  boiw  concentrations  in  d>e  brain  reach  levels 
dwve  10  ppm  ^eeTaUe  14-6).” 

Routes  of  Exfottitt 

Crawiii^  diildren  can  be  exposed  to  bork  add  if 
pestiddeapf^icatioftsofdiepowderorpdletformttla* 
tkms  are  cardess  or  inappropriate.  Intact  sldn  pro¬ 
vides  an  effective  barrier  to  absorptkm.  Abraded  or 
bumedsidnaIlowsefficientabsoiption,however,at- 
thou^  no  mechanism  for  enhaiKed  absorption  across 
abraM  skin  has  been  proposed. 

Borates  are  wdl  absorbed  following  ingestion.  In 
rare  instances,  infants  have  been  inadvertently  poi¬ 
soned  when  powder  formulations  were  mixed  in  their 
infant  formula.” 

Sages  oodSytoftoott  of  Expotftre 

The  signs  and  symptoms  associated  wMi  exposure 
to  and  absorption  of  borate  insecticides  indude  ab¬ 
dominal  fwn,  luttsea,  protracted  vomiting,  dianhea, 
and  hematochezia.  have  been  associated  with 
absorption  across  bunted  or  abraded  skin.  Topical 
exposure  has  been  associated  with  a  bright  erythema¬ 
tous  rash  diat  may  progress  to  extreme  exfobatiott 
ResHeasness,  heochKhe,  weakness,  and  tremors  may 
precede  convulsions  in  sevetdy  poisoned  patients. 
Cyanosis  and  shock  may  predpiUte  acute  rend  ffiDure 
associated  with  metaboUc  acidosis  from  boric  acid  in 
severe  cases  of  intoxication.  Ibisoning  may  be  cott- 
fimtedbybtoodborateoorioentFatiotts.  Norma]  ranges 
in  noneayosed  individuals  are  between  zero  and 
mg  of  borate  per  liter  of  blood  widi  a  mean  of  1 .4 
L.  Concentrations  lower  dian  340  mg/L  have  lardy 


been  associated  widi  toxicity.  Urine  borate  tests  may 
yidd  fils^positive  results.** 


MedicolTreotmeut 


Potentially  contaminated  skin  should  be  washed 
widi  soap  and  water.  Treatmentofboricaddpmsotr- 
ing  indudes  administerii^  tyrup  of  ipecac  to  children 
we^  less  dum  30  kg,  if  the  has  ingested 
morethanTOOmg/kgasanacutedose.  Larger  individ¬ 
uals  who  have  ingestedadoseofiiKiiedian6gareako 
treated  with  tyiup  of  ipecac.  If  acute  doses  exceed 
dieselevdsyemeigeiitymedicalqjecialists  may  prefer  to 
usegastriclava^asanahemativetoinduciiigemests.’* 
Activated  diarcoal  does  not  absorb  bmte  and 
should  not  be  used  unless  there  are  ^xdal  h^esdon 
drcamstances(eg,lheingestionofinuItq;>lesubalanoes). 
A  Uood  sample  dranvn  2  to  3  hours  after  ii^estion 
should  be  obtained  to  assess  dte  severity  of  poisoning. 
If  massive  quantitir?  have  been  ingested  over  several 
days,  careful  monitori]:^  and  medi^  matiagemeiit  to 
prevent  theadver8ese>]uelaeofroetabolicaddosband 
dectrotyteabrwrmalities  must  be  provided.’*  Excre¬ 
tion  of  Inck  add  is  ef&ieiit  and  forced  diuresis  may 
afford  somebenefit  Exchangehransfuskmand  perito¬ 
neal  dialyris  are  efficacious.”  Anticonvulsants  are 
indicated  for  treatment  of  comrulsions.'* 


Botanical  Pestiddes 

Pesticides  that  are  derived  from  living  biological 
tystermarecheinicallyaiulphannacologkally  diverse 
In  the  broadest  sense>  this  group  indudes  idativ^ 
simple  but  potent  molecules  such  as  nicotine  oomj^ 
ptoteinaoeoiis  poisons  sudi  as  rkin,  and  the  neuro- 
toxin  prodticed  by  CtasfrMfumMtd»nim,whkhcauses 
botulism.  Many  indhiduab  share  the  oonunonbdief 
that  a  pesticide  derived  from  latuial  sources  has  a 
greatermaigin  of  safety  flanacommerciallymamifso- 
tnred  pesticide  Carefully  performed  testing  using 
standardized  andacoeptad  laboratory  modcisteden»- 
onstiated,  however,  that  some  of  dte  most  potent 
poisons  are  derived  from  natural  sources. 

The  mechanisms  of  action  and  possible  antidote 
tficrapeutics  for  selected  toxic  coinpounds  of  blologi- 
caloc^havebeencarefuCyevalm^intfiendHtaiy's 
biolo^cal  defense  program.  However,  review  a^ 
discussion  of  these  toxins,  their  toxic  mechanisms,  and 
antidotes  are  not  rdevant  to  this  discussion.  Numer¬ 
ous  pestiddes  derived  from  biolo|^  sources  are 
avaQjMe;  however,  the  militaiy  uses  only  a  few  bo¬ 
tanical  derivatives  such  as  die  pyreduins  to  eradicate 
or  manage  pests. 
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PestkSdes 


Nicotbu 


Nicotine  is  one  of  the  most  frequently  recognized 
pbnt-derived  pesticides.  In  addition  to  itscommeidal 
use  as  a  fumigant  and  stomach  poison  for  leaf-eating 
insects,  its  scientifk  use  has  pnn^ed  valuable  insight 
into  the  functions  of  die  choUnetgic  components  of  the 
human  nervous  system.  Thetoxkxdqgicalmedia* 
nisms  for  chcdinesterase  inhibitors  were  darified  be¬ 
cause  of  nicotine's  chc^inergic  properties  and  reaction 
with  qwdfic  sites  (idcotinic  reoeptm)  ivithin  the  CNS 
andPNS.  NicotineisnotitselfadKiUnesteraseinhibi- 
tor,butdoeshaveCNS,aut(niomk:,anditeuronniscu- 
lar  effects  similar  to  excessive  acetyidwiine  sdmula- 
tionatiUcotinicsites.  Nicotinecan  exist  in  t%vo  isomeric 
forms:  the^theticRisomerisuptoS-fddinoretoxic 
than  the  naforal  S  isomer. 

There  is  no  spedfic  antidote  for  nicotine  poisoning, 
but  atropine  administration  may  be  somewhat  effica- 
dousinemergencymedical  management  In  nicotine- 
poisoned  dogs,  artificial  resfnration  has  been  shownto 
be  life-saving  if  req^tory  asststarwe  was  instituted 
prior  to  severe  hypotension.' 

Pifntkrmm,  Pyntkrins,  »md  Pyrethroids 

The  insecticidal  properties  of  the  Cknfsar,themum 
(Dalntatian  pyrethrtnn  flower}  have  been  known  for 
morethan  100  years.  Conunerdalgrowthoftheflow- 
ers  and  production  of  the  iratural  pyiethrum  extracts 
(pyretlu^)  nude  pyiethrum  and  pyiethrins  avail- 
s^fordomesticand  agricultural  pe^iddeuse.*  Wide¬ 
spread  agricultural  uses  were  Initiated  during  the 
19705.'  The  luturally  occurring  pyrethrum  compo- 
irents  are  produced  from  an  oleorerin  extract  of  dr^ 
chrysanthemum  fkmersaiKl  contain  six  active  insecti- 
ddd  mgredients  coQectively  known  as  pyrethrins. 
These  are  used  in  a  number  of  pesticide  products, 
partkularty  aerosol  products  for  irtdoor  pest  control 
Advantages  of  pyrdhrum  and  pyiethrins  indude 
their  idativ^  low  mammalian  toxidty,  rapid 'Imodc 
down"  and  kin  of  pests,  and  the  absoMce  ^  environ¬ 
mental  peisistenoe.  Disadvantages  inchide  the  high 
cost  of  application  aitd  pcxMT  light  stability. 

Asare^t  of  efforts  to  decTNtse  the  unit  production 


cost  atvl  to  improve  light  stability,  more  than  l/KX) 
synthetic  compouiKls  known  as  pyrtUiroids  have  been 
synthesized,  some  of  whkh  show  significant  struc¬ 
tural  differetKes  and  pest  selectivities  from  the  parent 
pyrethnun  molecule  (Hgure  14-7).'  Pyrethrmds  are 
light  staUe,  biodegradable,  and  highly  spedric  For 
example,deltarrtetl^isapprDximatdy3,000-to5/X)0- 
fold  inore  toxic  to  houseflies  than  to  rats.'”'*®^ 
Permethrin,  one  of  the  pyrethroid  products,  is  a 
lepdlent  that  is  used  extensively  by  the  nulitary  as  a 
uniform  impregiunt  (see  Table  14-6).  Some  pyre- 
thrcrids  are  approved  foruseasdothingspray  formu¬ 
lations  and  others  are  used  as  pediculoddes. 

Route  of  Exposure.  Pyiethrins  are  poorly  absorbed 
via  the  dcmus  but  appear  to  be  well  absorbed  via  the 
inhalational  and  ingestional  routes.  Aldiough  pyre- 
throids,  if  they  are  adnunistered  inbavenously  into 
laboratory  animals,  may  cause  extreme  nearotoxic 
effects(convulsi<ms),dermalandinhalatkmexposures 
are  associated  %vidi  only  limited  systemic  toxidty.'* 
MedumismofAiiiou.  Pyrethrins  and  pyrethroids 
have  a  high  affinity  for  the  sodium  diannel  of  the 
afferent  neuron  and  produce  their  toxic  effects  as  a 
consecprerKe of ncurtmal hyperexdtability.  Asacott- 
sequeiKe,  pyrethroids  cause  a  dday  in  diaruid  ck>- 
suie,  which  results  in  a  prolonged  tail  current  of  the 
action  potentiaL  The  interaction  slows  the  influx  of 
sodium  during  the  end  of  the  depolarization  phase, 
iiKreases  the  depolarizing  afterpolenljal,  and  results 
inrepetitivedischarges.''’^  Pyrethre^aieopm  dian- 
nd  blockers  (ie,  they  sdectir^y  affect  the  active,  or 
open,  sodium  channd).  At  high  cotKentrations  of 
pyrethroid,  the  nerve  membrane  may  depolarize  com- 
pletdy  and  excitability  may  be  Nocked.^ 

Allethiin  and  DOT  have  been  shown  to  cause  so¬ 
dium  draimd  effects  in  the  lateral  line  organ  of  the 
toad.  At  the  receptive  portkm  of  the  peripheral  afid- 
ent  neuron,  both  diemicals  cause  a  hypeiexdtable 
stimulus  response  that  results  in  the  generation  of  a 
repelitiveseriesof  impulses.  In  the  conductive  portion 
of  the  afferent  neuron,  both  oompouivds  appear  to 
impede  ffie  dosing  of  the  sodium  dunnel  whidi 
re^ts  in  an  increa^  phase  of  hypcrexdtalnlity.'* 
l^nthin  the  CN5,  pyrethroids  exhibit  effects  oonds- 
tent  with  several  mechanisms  of  actkm.  Proposed 
CNS  medianisms  of  pyrethroid  effects  tndude  an¬ 
tagonism  of  the  GABA-transmitter  paffiway,  modifi¬ 
cation  of  nicotinic  chotinergic  transmisrion,  enhaixe- 
ment  of  norepinephriiie  release,  and  alteration  of 
caldum-ionfiuxes.  Theprimaryeffectsofpyrethroids 
may  be  the  result  of  changes  in  the  fuiKtional  sodium 
charmd  activity  of  the  afferent  neuron:  the  toxic  CbS 
effects  appear  to  be  secondary.' 
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Pesticides 


I 

I  Eadipyrethrinandpyrethroidcotnpoundinayfonn 

at  least  four  isomers,  ai^  interaction  with  the  s^ium 
channels  is  highly  dependent  on  the  isomeric  foim. 
Permethrin  and  pyrethrum  form  isomers  at  the  third 
carbon  of  the  cyclopropane  ring,  with  the  cis  and  trarts 
forms  both  dentonstraling  insectiddal  activity.  In 
mammalian  systems,  however,  the  cis  isomers  are 
approxirrutdy  10-fold  more  potent  than  the  tra»s.^ 

Crude  pynkhrum  is  a  den^  and  respiratory  aller¬ 
gen;  the  rained  pyrethrin  products  are  less  sensitizing 
and  less  irritating.  A  strong  cross-reactivity  with  rag¬ 
weed  pollen  has  been  showru  Pyrethrmsdonot  inhibit 
the  enzyme  cholinesterase.^''*  The  rapid  rate  of  hy¬ 
drolysis  of  both  the  natural  and  synthetic  molecules 
within  the  hepatic  circulation  probably  accounts  for 
the  low  acute  toxidty  in  mammals,  compared  to  the 
selective  toxicity  foe  irrsects.^''*^ 

Most  authorities  agree  that  topical  and  systenuc 
toxidtiesof  the  pyrethroids  should  be  consider^  sepa- 
ratdy.  In  addition,  nrost  agree  that  there  are  two 
distinct  types  of  systemic  poisoiringsytKlromes.*^  The 
different  syndromes  have  been  used  to  separate  most 
pyrethroid  compounds  into  two  groups,  types  I  atul  n, 
based  on  their  diiUcaliy  different  nUrufestatiotrs  of 
poisonings.  Intherodent,thetypelsyitdrome(tremor) 
is  first  recognized  1^  an  inaWsed  aggressiveness, 
fcdlowed  by  the  rapid  onset  of  tremor,  hyperactivity, 
hyperthermia,  clonic  convulsions,  and  death.  The 
t]^  n  syndrome  (dwreoathetosis  with  salivation) 
b^ins  with  profuse  salivation,  followed  by  a  coarse 
body  tremor,  spontaneous  writhing,  tonk-donic  con- 
vul^ns,  and  death.* 

Permethrin  and  dsmethrin  are  examples  of  type  I 
compouitds.  Ejects  of  cismethrin  poisoning  can  be 
induced  by  placing  a  small  quantity  of  the  drenucal 
within  th®  ONS;  as  a  result,  ^  poisoning  effects  are 
believed  toarise  from  central  sUmulatiotu  In  contrast, 
typell  compounds  sudt  as  ddtamethrin  and  cyfluthrin 
act  on  a  br^er  range  (}f  tissues  and  produce  a  more 
complex  poisoning  syrrdrome.' 

Signs  and  Symptoms  of  Exposure.  Acute  intoxica¬ 
tion  with  pyrethroids  is  utKomnum.  Patients  may 
present  with  signs  or  symptoms  of  allergic  skin  reac¬ 
tion,  eye  irritation,  skin  irritation,  or  pulmonary  aller¬ 
gic  m^iated  brondiospasnr.  Extreme  doses  may 
cause  salivation,  tremor,  incoordination,  vtnniting, 
and  diarrhea.  Irritability  to  sound  has  also  been  re¬ 
ported.  Paresthesia  hasbmassodated  with  exposure 
to  pyrethroids  in  humans  who  have  experien^  ef¬ 
fects  through  local  volatilization  or  li^id  contact. 
Facial  discomfort  is  repotted  ntost  commonly;  how¬ 
ever,  paresthesia  of  the  neck,  forearms,  and  hukisare 
sontetinws  noted.  Heat,  sweating,  sun  exposure,  arrd 
moisturemayaggravatesymptomatology.  Paresthesia, 


itching,  and/or  burning  sensations  may  progress  to 
numbrress.'*  Possible  long-term  effects  in  humans 
include  the  potential  for  carcinogenesis.® 

Medical  Treatment.  Rapid  decontamirution  is  a 
mainstay  of  therapy;  therefore,  contaminated  skin 
should  imnrediatdy  be  washed  with  soap  and  water. 
Antihistamines  are  efficacious  in  controlling  most  al¬ 
lergic  reactions.  Severe  asthmatic  reactions  may  re¬ 
quire  bronchodilators  and  corticosteroid  therapy.  Vi¬ 
tamin  E  oil  preparatiems  are  effective  in  relieving 
symjrfoms  of  local  paresthesia.  Com  oil  is  somewhat 
hdpful,  but  zirK  oxide  aggravates  the  sensation.^'** 
Contact  dermatitis  may  require  prolonged  use  of  topi¬ 
cal  corticosteroid  preparations.'* 

After  acute  ingesti^  careful  gastric  la  vage  may  be 
followed  by  administering  activated  (harc^  atrd  a 
cathartic  There  are  rro  approved  antidotes.'* 

As  a  precautionary  irote,  the  EPA  states  that  al¬ 
though  several  drugs  have  been  useful  in  the  treat¬ 
ment  of  intentiunaI)ypoisonedaniinals,nonehasactu- 
ally  been  tested  in  hurtums.  Therefore,  neither  the 
efficacy  tu>r  the  safety  of  the  therapeubc  compounds 
has  be^  evaluated.'* 


Some  authorities  reemnmend  that  therapy  should 
be  directed  toward  managing  the  furwrtioi^l  ncuro- 
pathoiogical  effects  (hyperthermia,  choreoathetosis, 
and  seizures)  rmtil  the  pyrethroids  are  metabolized. 
The  sedatives  phenobarbital  and  pcntabarbitol  are 
eff^ve  against  type  1  neuroiogkal  effects  when  ad¬ 
ministered  inanesthetkconcentiations.  Qomethiaze^ 
has  been  shown  to  be  bertefidal  in  deltamethrin  poi¬ 
soning  (type  ID,  especially  when  used  with  diazepam 
andatFopirre.  Diaz^m,  when  used  alone,  was  found 
to  be  of  limited  bert^t  in  the  rodent  nradel  aiKl  ottly 
moderately  effective  in  the  canine  modeL^ 


Rodentiddes 


Rats  arKl  mice  may  ingest  or  spoil  large  quantities  of 
stored  food.  Rodents  may  also  directly  transmit  dis- 
easeandcausedbeomfortordiseasethroughbites.  In 
addition,  rodent  parasites  can  be  disease  vectors.  Ef¬ 
forts  to  control  the  rodent  population  may  be  directed 
toward  removal  of  harborage,  introduction  of  preda¬ 
tors,  use  of  traps,and  use  of  chemicals  directed  toward 
poisordng  of  the  rodent  spedes. 

Althoughnumerouscheinical  compounds  havebeen 
listed  as  rodenticides,  mduding  thallium,  strychnine, 
phosphorous,  phenyb  (PNU)  arul  thio- (ANTU)  ureas, 
atKl  red  squili,"dvilian  and  nUlitary  uses  are  usually 
associated  withtheantkuagulantcompoundsbecause 
they  have  a  wider  margin  of  safety  (sm  Table  14-6). 

The  anticoagulant  dkoumarol.  Rest  isobted  from 
spoiled,  sweet<Iover  hay,  was  identified  as  a  cause  of 
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Sethal  hemorrhagic  disease  in  cattle  during  the  1920s. 
The  beneHciat  medical  therapeutic  and  possible 
rodendddal  properties  were  readily  recognked  and 
several  relat^  compounds  ^vere  rapidly  synthesized. 
Warfarin,  a  synthetic  analog,  was  introdu^  for  clini¬ 
cal  trial  m  1*62  and  used  to  treat  P^idenl  I>wight  D. 
Eisenhower  in  1955.” 

Anticoagulant  roden  tickles  are  typically  applied  as 
baits,  cither  in  liquid  or  solid  form.  Bait  formulations 
must  meet  these  four  reqxiireinents:  they  must  be  (1) 
effective  in  small  quantities,  undetected  by  rodents;  (2) 
formulated  toavoid  bait  shynes$;(3)  lethal  withoutthe 
rodents'  becoming  suspicious  of  the  cause;  and  (4) 
used  in  a  concentration  safe  for  accidental  human 
ingestion  or  formulated  in  a  concentration  ^xciBc  to 
the  target  species.” 


Route  of  Exposure 

Gastrointestinal  absorption  of  anticoagulant  roden- 
tiddes  is  effident,  with  warfarin  well  absorbed  within 
2  to  3  hours  of  ingestion.  In  a  study  of  14  subject 
volunteers,  warfarin  was  administered  orally  at  a  dos- 
ageof15mg/kg.  Maximal  concentrations  of  warfarin 
were  measured  in  plasma  between2and  12hours  after 
ingestion.  The  maximal  decrease  in  prothrombin  ac¬ 
tivity  was  demonstrated  between  36  and  72  hours  after 
ingestion.” 

Dermal  absorption  is  slow  but  measurable  in  the 
rodent  Dermal  absorption  has  not  been  reported  as  a 
cause  of  human  poisoning.  Toxk  ingestion  may  occur 
if  thebaitisunintentionally  consumed  by  a  child  or  is 
intentionally  consumed  in  a  suicide  attempt 


Meduuiism  of  Action 


Signs  tmi  Symptoms  of  Intoxication 


Regardless  of  theantkoagulant  bait  form,  theactive 
ingredient  is  a  derivative  of  coumarin,  such  as  warfa¬ 
rin  or  futrurin;  ora  derivative  of  1 3'indanedione,$uch 
as  pival  or  diphasin.  These  compoutKls  have  similar 
riK^csofactiotr.  Ihey  are  highly  toxic  when  pure,  but 
are  incorporated  intobaitformulationsinlowcorKen- 
trations.  For  example,  warfarin  concentrations  incor¬ 
porated  into  most  baits  range  betu'ecn  0.025%  and 
0.05%.  Althoughdetectablereductionsofptothrom- 
bin  can  be  identified  in  rodents  within  24  to48  hours  of 
initial  ingestiorr,  the  onset  of  actual  hemorrhage  in 
rodents  generaUv  follows  ingestion  of  1  to  2  mg  daily 
for  ot«  week.'*" 


Coumanrts  atrd  indanediones  are  effective  antico¬ 
agulants.  In  addition  to  its  anticoagulant  properties, 
warfarin  dartuges  capillary  integrity,  whidi  predpi- 
tatesintenul  hemordiage.  Indart^ionesitrducesigns 
of  neurological  and  cardiopulmotrary  injury  in  the 
rodent  toxicological  nnodel,  but  have  rrot  been  shown 
to  cause  neurological  or  cardiopultrronaiy  effects  in 
humans.'*” 

Warfarin  is  an  antimetabolite  of  vitamin  K  and  as 
such,  warfarin  depresses  the  hepatic  vitamin  K-de- 
pendent  synthesis  of  essential  clotting  factors  n  (pro- 
thromUn),  VII,IX,andX.  The  antiprothrombin  effect 
b  the  best  kttown  arrd  b  the  basb  for  detection  and 
assessment  of  clirucal  poisoning  Lengthened  pro¬ 
thrombin  time  from  a  toxic  dose  of  coumarins  or 
indatKdkmes  usually  reaches  a  rruximum  36  to  72 
hours  after  acute  ingestion.  Newly  developed 
superwarfarin  compounds  are  much  more  potent  and 
thdrantkoagulationeffecbtrxrrepersbtent  Warfarin 
has  also  been  identified  as  a  hunun  teratogen  that 
causes  nrkrocephaly,  brain  malformations,  optic  atro¬ 
phy,  nasal  hypoplasia,  and  mental  retardation.**” 


Signs  and  symptoms  of  anticoagulant  ingestion 
Include  epbtaxb,  bleeding  gums,  petechial  rash, 
hematomas,hemarthrosb,cesebralhemonbage,shock, 
arrd  death. 

Medical  Treatment 

Medical  treatment  b  probably  not  required  if  only  a 
fewgramsofbaitareingested.  Iflaigeramounbhave 
been  ingested,  ^rup  of  ipecac  follwed  by  activated 
charcoal  axtd  cathartics  may  be  efftcadoas.  If  the 
amount  of  the  anticoagulant  rodentkide  ingested  b 
unknowit,  phytonadione  (vitamin  K])  given  orally 
will  protect  against  the  anticoagulant  effect  with  mini¬ 
mal  risk  to  the  patient  Phytonadione  spedfkally  b 
required:  vitamin  and  vitamin  IC4  are  not  antidotes 
for  these  anticoagulanb. 

If  the  patient  b  bleeding  actively,  careful  intrave- 
iKMis  administration  of  vitamin  K]  consistent  with  the 
spedfteddosage^muustrationTatesbindicated,  rec¬ 
ognizing  that  adverse  reactions  and  fatalities  have 
b^  reported  in  association  with  thb  procedure.  Ac¬ 
tively  bleeding  patienb  should  receive  fresh  frozen 
plasma  or  fresh  blood  transfusions  in  cases  of  severe 
bleeding 

Prothmmbin  tintes  may  be  helpful  in  judging  the 
severity  of  intoxication  if  the  ingestion  ocoirred  dur¬ 
ing  the  precedti^  15  days.  The  peak  prothrombin  effect 
occurs  afterabout3days  and  prothrombin  times  should 
be  followed  to  document  pe^  effect  ai>d  recovery.'*” 

Hetbiddes 

Thecompound  2,4-diddorophenoxyaceticadd  (2,4- 
D)  has  been  used  as  a  growth-regulating  substance 
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with  heibkidal  activity  since  the  early  1940s  (see  Rg- 
ute  14-2}.*  2,4-D  has  only  nnoderate  oral  toxicity  when 
adnunistered  to  a  variety  of  animal  specks.  Large 
doses  cause  death  quickly  in  animals,  probably  as  a 
result  of  ventricular  fibr^tioit  Lower  doses  were 
associated  with  myotonia,  ataxia,  paralysis,  and  coma. 
Of  the  mammalian  species  tested,  the  dog  was  the  most 
sensitive,  with  an  oral  LD50  of  100  mg/kg.  The  no- 
ef feet  level  in  a  2-year  canine  study  was  approximately 
I2mg/kg/day.^ 

Lifted  mformation  is  available  with  respect  to 
huiiumexposuresandtoxkdoses.  Inhuitums,100%of 
the  radiolabeled  dose  adnurustered  by  intravertous 
mjection  was  recovered  in  the  uriite.  In  contrast,  only 
5.8%  of  the  topically  applied  dose  was  excreted  in  the 
urine,  suggesting  that  dermal  absorption  is  limited.^ 


Route  of  Exposure 


Workers  exposed  to  herbicides  via  inhalation,  in¬ 
gestion,  or  dermal  contact  may  experiertce  clinical 
effects.  Skin  contact  is  the  more  coirunon  exposure 
route;  however,  dermal  absorption  is  not  effident** 
Inhalation  arxl  ingestion  are  also  possible  routes  of 
exposure.'^ 

Signs  end  Symptoms  of  Intoxieution 

Although  a  wide  variety  of  dirucal  reactions  to 
exposure  is  possible,  depertding  on  the  exposure  route 
and  dose,  irritant  respotrses  are  irtost  commonly  re¬ 
ported  effects  of  exposure.’^  Irritant  resporrses  have 
been  reported  from  cutarreous  contact,  aitborrte  or 
inhalation  exposure,  and  ingestion.  Chloracre  from 
the  dioxin  contamirtants  in  the  rdated  herbicide  243* 
T  has  been  reported  in  heavily  exposed  workers  (see 
Rgure  14-2). 

Eye,  rrose,  and  throat  irritation  may  be  associated 
with  airborne  exposures.  Pulmonary  ^ema  has  been 
reported  following  inhalation  exposures.  Ingestion 
has  been  reported  to  cause  OKNith,  esophagus,  arrd 
storrradr  irritation  sometirrres  associated  with  vortrit- 
ing  aiKl  diarrhea.  Elevated  liver  enzyrtres— lactic  de¬ 
hydrogenase  (LDH),  serum  glutamic-oxalacetic 
transaminase  (SCOT),  and  serum  glutarruc-pyruvic 
transaminase  (SGPD— have  been  reported.'^ 

Neuiologica!  consequences  of  occupational  expo¬ 
sures  have  been  reported  to  itrdude  vertigo,  headadre, 
malaise,  arrd  pare^hesias.  Higher  doses  trray  produce 
musde  fasdculations,  fcdlow^  by  profouird  muscle 
weakness  and  utreortsdoustress.  RhabdomyclysisatKl 
myotonia  have  been  reported  in  severely  poisotred 
persons.” 

Tachycardia  has  been  repotted  as  a  cotrurron  mani- 


festationof  cardiac  toxicity  but  theoccurrenceof  actual 
arrhythmia  hasbeen  uncommonly  reported.  Reported 
renal  effects  irKlude  albuminuria  and  azotemia.” 

Headache,  dizziness,  stomach  pains,  nausea, 
leukopenia,  fever,  uriirary  incontinence,  hypertemia, 
and  constipation  have  bera  reported  in  humans  after 
accidental  or  intentional  ingestioa  Skeletal  muscle 
fasdculations  have  also  been  reported.  Although 
myotonia  is  tire  most  hequently  identified  sign  of 
poisoiung  in  animals,  it  is  unusual  in  poisoned  hu- 
mairs.  D^eireration  of  the  renal  convoluted  tubule, 
glomerular  protein  deposition,  and  limited  ratty  infil¬ 
tration  of  the  renal  parenchyma  have  been  reported  in 
an  accidental  ingestion  by  a  farmer.”  Serious  acute 
human  poisonings  have  b^  repotted  after  the  inges- 
tionofmultigramdoses.”  Anatta]ogofZ4-D,clofibrate, 
is  used  clirucally  to  lower  cholesterol  levds.”  These 
herbiddes  can  be  measured  directly  in  plasma  and 
urine  by  gas  liquid  chromatography.  They  do  not 
affect  drolinesteiasc  levels.” 

Medical  Treatment 

If  eye  exposure  occurs  following  a  splash,  the  :yes 
should  be  irrigated  with  copiou.s  amounts  of  wa!  c  r  for 
at  least  15  minutes.  If  a  direct  splash  into  the^> ;  l.tei 
occurred,  the  patient  should  Ik  taken  to  a 
treatment  facility  (MTF)  forevaluation  and  rtecessary 
eye  care.” 

In  cases  of  skin  contact,  the  aff^ed  area  should  be 
thoroughly  cleansed  with  soap  and  water.  If  acute 
irritation  occurs,  evaluation  at  the  health  dinic  is  indi¬ 
cated.” 

Although  massive  overexposure  could  require  the 
basic  life-saving  interventions  such  as  airway  manage¬ 
ment,  this  is  us^y  unnecessary.  Resjnratory  depres¬ 
sion,  hypotension,  metabolic  a^osis,  hyperthennia, 
orseizuresma  •  ..urinsever^poisonedindividuals.” 

Emesb  is  indicated,  using  syrup  of  ipecac,  if  inten¬ 
tional  ingestion  has  occurred  and  if  the  patient  is 
conscious.  This  emetic  is  most  effective  whm  admin¬ 
istered  withinSOminutesof  ingestion.  Removalofthe 
stomach  contents  via  nasogastric  intubation  is  indi¬ 
cated  if  the  patient  b  obtunded,  comatose,  or  ctmvuls- 
ing.  Activated  charcoal  administration  and  catharris 
are  recommended  following  ingestion  of  dUofjdtenoxy 
pesticides.” 

If  ingestion  could  result  in  toxk  clinical  manifesta¬ 
tions,  the  following  baselinedeterminatkMis  should  be 
obtained:  comp)etebIoodcount,aitetialpH,bicaibon- 
ate,serumcreatinine,Uood  urea  nitrogen  (BUN),liver 
eiuyme  levels,  urinary  protein,  myoglobin,  and 
oythrocyte  losses;  uritMiy  output  should  also  be  mea¬ 
sured.  Uvcrenzymesshculdbemonitoredtoevaluate 
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the  significance  of  possible  hepatic  injury.  Becaus 
muscular  tissue  destruction  may  occur,  ba^lute  levels 
of  serum  creatine  phosphokiiuse  and  myoglobin 
should  be  measured.  Ongoing  evaluations  of  liver 
cm^nnes  and  myoglobin  levels  should  be  periur 
following  intentional  ingestion.  When  signitkc.it 
myoglobinuria  is  seen,  alkaline  diuresis  should  be 
instituted 'o  enhance  eliminahon.'*  Alkaline  diuresis 
appears  to  improve  renal  clearance  of  2,4-D. 

If  inhalation  has  occurred  in  an  enclosed  area,  the 
patient  should  be  removed  to  fiesh  air.  The  patient 
may  experience  irritation  of  the  respiratory  tract  as 
bumingdiscomfortintheairway.  Cough  and  respira¬ 
tory  distress  may  follow  high-dose  inhalation  expo¬ 
sures  as  evidence  of  pulmorury  edema.  Bronchitis  or 
pneumonitis  may  occur.  Supplemental  humidified 
oxygen  or  assisted  ventilation  may  be  required  in 
extrente  cases.’^  The  treatment  of  2,4-0  exposure  is 
symptomatic,  with  this  exception:  quinidirte  sulfate 
has  been  used  in  the  management  of  tachycardia 
and  may  be  helpful  in  treating  the  skeletal  muscle 
dystoiria.** 

Many  chronic  adverse  health  effects  from  expo¬ 
sures  to  this  group  of  pesticides  have  been  alleged. 
However,  in  a  20-year  follow-up  of  the  health  status  of 
U5.  Air  Force  veterans  who  were  exposed  to  herbi¬ 
cides  in  Vietnam,  only  basal  cell  carcinoma  was  more 
frequently  identified  among  the  herbicide  harKilers.” 
The  possibility  that  the  association  was  spurious  has 
been  noted.’* 

Sodiom  Arsenite 

Sodium  arsenite  (Na  ASO2)  is  used  asaqueous  solu¬ 
tion  for  weed  control,  atrd  it  has  limited  use  as  an 
irrsecticide.'*  Arsenical  ccKnpoundsdemonstrateaspec- 
burn  of  toxicity  based  on  their  chemical  composition 
and  arsenic  valence  state.  The  generally  accepted 
orderof  toxicity  is  from  the  more  toxicarsine(trival«t); 
through  the  orgatro-arsine  derivatives,  arsenites 
(trivalent);  arsermxides  (trivalent);  arsenates  (pen- 
tavalent);  other  pentavalent  organic  compounds; 
arsonium  nretals  (monovalent);  to  the  least  toxk,  me¬ 
tallic  arsenic.  The  active  component  of  sodium  arsen- 
iteisthearsenite,ortrivalentarsenic,rTK>iety.  Arsenite 
has  been  shown  to  be  much  irrore  toxk  than  thepeit^ 
tavalent  form,  arsenate.'*’'* 

Mechanism  of  Action 

Acute  ingestion  of  more  tha:  >(X)  mg  of  the  arsenite 
compound  has  been  reported  to  be  associated  with 
significant  toxicity.  In^stion  of  200  mg  of  a  related 
compourtd,  arsenk  trioxide,  may  be  fatal  in  an  adult.'* 


Sodium  arsenite  has  been  reported  to  be  a  potent 
cause  of  a  number  of  cutaneous  lesions,  iiKluding 
corrosive  ulceration.  In  addition,  among  pesticide 
upplicators,  it  has  been  associated  with  erythema, 
papular  dermatitis,  and  folliculitis.  Among  previ- 
ouslysensltized  patients,somecasesof  folliculitis  may 
actually  be  seen  at  low-exposure  concentraliotvs  as  a 
result  of  allergk  cutaiKOus  responsiveness.  Ulcer¬ 
ation  of  the  hairds,  feet,  aitd  scrotum  have  been  re¬ 


ported.  WhiletrivalentarHeniccompoundsareassoa- 
atedYvithskincorrosion,arsenktrioxideandpentoxide 
compouiKls  are  usually  reported  as  skin  sensitizers.'* 

Althougharseiuccompoundshavebeena:  ;  '^ted 
withbothskinandpulnuM)arycarKerinhuman».ptdc- 
rTuc4ogic3lstudies,arsenk  has  not  yet  been  reported  as 
0  carcinogen  in  standard  laboratory  animal  models. 
Arsenk  is  identified  as  a  hunran  carcinogen  in  the 
stattrtory  occupational  requirements  promulgated  by 
OSHA.  The  EPA  has  been  actively  reviewing  the  issue 
of  potential  caremogenkity  and  has  recently  acted  to 
withdraw  product  registrations. 

Small  doses  of  arsenk-coniaining  compounds  irv 
duce  vasodilation.  Increasing  doses  stimulate  capil¬ 
lary  dilatation  and  increase  capillary  permeability. 
Transudation  of  a  large  volume  of  pl^ma  may  cause 
profound  hypotension  with  secondary  arteriolar  and 
myocardial  damage.  Abnormalities  of  the  electrocar- 
diographic  record  may  persist  for  months  following 
acute  poisonings.'* 

Inorganic  arsenkak  cause  increased  blood  flow 
through  the  bone  marrow,  which  alters  the  marrow's 
cellular  composition.  Moderate  doses  of  inorgank 
arsenicals  depress  the  production  of  both  erythrocytes 


and  leukocytes,possibIy  through  inhibitory  actions  on 
folk  acid  interactions.'* 


Inorganic  arsenicals  are  considered  to  be  potent 
hepatotoxins.  Poisonings  have  been  associated  with 
central  necrosis,  fatty  infiltration,  and  cirrhosis.  Acute 
yellow  atrophy  and  death  may  occur. 

In  a  1977  report  cotKeming  the  state  erf  Cilifomia, 
291  of  2,228  pesticide  exposures  involved  sodium  ar¬ 
senite  ingestion.  E>osages  as  low  as  1  mg/kg  nuy 
induce  sericnis  toxicity  and  dosages  as  low  as2  mg/kg 
may  be  lethal** 


Route  of  Exposure 


Acute  poisonings  are  associated  with  both  inten¬ 
tional  and  accidental  ingestion.  Chionkoralirrfoxka* 
tion  is  associated  with  arsenical  compounds  used  as 
medicaments.  Skin  contact  may  result  in  localized 
pathology  but  has  rwH  been  associated  with  poison¬ 
ings.  (relational  exposure  is  posrible,  depending  on 
the  exposure  circumstances.'* 
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Signs  and  Symptoms  of  Intoxication 

Acute  symptoms  usually  occur  within  30  minutes 
to  1  hour  from  the  time  of  ingestion  unless  simulta¬ 
neously  consumed  fooddebysabsorptkm.  Agariiclike 
odor  may  be  noticeable  in  the  breath  or  feces. 
Dysphagia, esophageal  pain,  stomadi  pain,  colic,  and 
prohtse,  watery— sometimes  bloody-^iarrhea  have 
been  reported.  Dehydration,  hypotension,  tadiycanlia, 
and  fli^  attd  electrolyte  distuitaiKes  are  commoa 
Hypovolemic  shock,  sometimes  with  associated  intes¬ 
tinal  blood  loss,  and  cardiac  abnormalities  irtduding 
tachycardia,  QT  interval  prolongation,  alterations  in 
the  T  wave,  and  ventricular  fibrillation  have  been 
reported  in  acute  exposures.  Chronic  exposures  have 
associated  with  myocarditis.'^ 

Acute  exposures  by  direct  contact  %vith  trivalent 
arsenic-containing  compounds  can  cause  eye,  mouth, 
and  skin  corrosion.  Chronic  exposures  have  been 
associated  tvithcutaiKous  and  nasal  septal  ulcerations, 
and  nasal  septal  perforations  have  been  reported. 
Cutaneous  respemses  to  dironic  arsenical  exposures 
may  irudude  hyperpimnentation,  keratoses,  atvi  epi- 
dermc^  carcinomas.^ 

Acute  arsenic  exposures  have  been  associated  with 
CN5  and  PNS  effects  irxduding  alterations  of  mental 
status,  convulsions,  toxk  delirium,  chemical-induced 
encephalopathy,  and  ddayed  peripheral  rreuropathy. 
Hematuria  and  acute  tubular  necrosis  have  b^  re¬ 
ported  complicatiorts  of  acute  arsenic  poisoning.'* 

Acute  poisotung  can  cause  henaolysis.  Quxmic 
arsetuc  exposures  have  been  associated  with  bone 
nunuw  depression,  parKytopenia,  aplastic  anemia, 
and  leukemia.'*  Inorgartic  arsenicak  may  cross  the 
f^acenta  and  have  been  associated  with  f^  death  if 
ch^tion  therapy  was  not  prompt'* 

Medical  Tnatment 

Individuak  with  a  history  of  possible  »cute  arsenic 
ingestion  requirecareful  medical  evaluation  and  tinaely 
medical  marugement.  A  complete  blood  count  uri¬ 
nalysis,  and  bi^eline  levek  of  serum  electrolytes,  liver 
enzymes,  BUN,  and  creatmiiK  should  be  obtained 
inunediatdy.  Urinaryandbloodarseniclevekshould 
be  obtamed  A  24-hour  urine  ^xdmen  should  be 
analyzed  for  arsenic  excretion.  Urinatyarsenicexcre- 
tions  exceeding  100  pg  have  been  repcwled  to  indicate 
abtwnmal  excretory  levels.'*  However,  individuak 
who  consumediets  rich  in  seafood  may  excrete 200pg 
ormoreofarsenieperday.’*  Individuak  with  possible 
sirface  contamirration  should  be  washed  with  soap 
and  water.  DecontaminationofaUareas.indudingtlre 
hair,  should  be  thorough.' 


Chest  and  abdominal  X  rays  should  be  obtained  for 
aU  patienk  being  evaluated  for  arsenical  ingestion. 
Timely,  thorough  gastric  lavage  k  indicated  for  pa¬ 
tients  with  acute,  possibly  toxk,  ingestion-  Whole- 
bowd  irrigation  h^  been  reconunended  if  radiogra¬ 
phy  identifies  arsenicak  in  the  intestinal  contents. 
Although  activated  charcoal  has  somewhat  specula¬ 
tive  benefit,  its  use  k  recommended  foUowing  lavage. 
If  tiiere  k  no  primary  diarrhea  associated  with  ^ 
arsenk  ingestion,  the  administration  of  sodium  sul^te 
as  a  cathartic  should  be  consideied.'*  Morphine  may 
be  adminktered  in  cases  of  intense  abdominal  pain. 

Aggressive  fluid  and  dectrolyte  management  is 
required  for  individuak  who  ingest  arsenkak,  and  is 
especially  critical  for  those  who  are  hypovolemic  A 
high  output  of  alkaline  urine  should  be  maintained.'* 
In  some  circumstances,  pulmonaiy  edema  has  been 
a^odated  with  arsenk  poisoning.'* 

Symptmnatic  patients  should  be  promptly  treated 
with  the  chelating  agents  dimercaprol  (2,3Hliinercap- 
topropanol  also  l^wn  as  British  anti-Letvisite  IBALI) 
and  penicillamine.  Toavoid  adverseeffects  from  BAL 
adminktratioaitshouldbeadministeredintiamuscu- 


laiiyata  rate  of  3  to5  mg/kg/dose  every  4  to  12  hours. 
The  dose  requirement  and  frequency  of  adminkba- 
tion  should  be  corrdated  with  thr  !egree  of  arsenical 
poisoning.  Tapereddosesof  BALshouIdbecontinued 
for  5  to  8  days  in  patients  who  are  allergk  to  penicil¬ 
lin.'*  Anotherauthorityrecommendssomewhatlower 
dosages:  23  to  3i)  mg/kg/dose  every  4  hours  and 
tapered  over  about  2  wedcs.** 

Asthesignsands)rmptomsofacutearsonkpoison- 
ing  subside  as  a  consequence  of  BAL  therapy,  penicU- 
lamine  should  be  prescribed  as  soon  as  possible  for 
patients  who  have  no  history  of  penicillin  allergy.  For 
adults,  the  recommended  dose  fw  oral  administration 


of  D-penidUamine  k  100  mg/Ig/day  up  to  2  g  daily, 
provided  in  four  divided  doses  for  a  t(^  of  5  days. 
The  recommended  dosage  for  childien  is  25  mg/kg/ 
day  in  fourdivided  doses  daily.not  to  exceedatoUlof 
2  g.'*  Another  authority  recommends,  for  children 
younger  than  12  years,  100  mg/kg/day  in  4  divided 
doses,  not  to  exceed  1  g  daily.^ 

Combined  BAL  and  penidUamine  the:apy  should 
be  copskfered  for  sev^y  poisoned  patients.  The 
dosages  of  chelating  agents  mttst  be  adjusted  if  renal 
complicatiens occur  asa  result  of  thearsenk exposure. 
Hcniodialysk  may  be  necessary  if  renal  function  is 
impaired  and  if  removal  of  the  didated  arsenical 
complex  k  dedred.  Dimetcaptosuccink  add  k  cur¬ 
rently  being  investigated  as  an  alternative  to  BAL** 
Complicntions  associated  with  the  adiriinistiation 
of  BAL  indude  acute  signs  and  symptoms  sud)  as 
nausea,  headache,  restk^ness,  anxiety,  paresthesia. 
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pain,  tearing,  tachycardia,  and  hypertension.  In  se¬ 
lected  patients,  antihistamines  may  be  benelidal  in 
managing  these  complications.  Other  common  side 
eri^ects  from  BAL  administration  include  maculo- 


papular  rash,  fever,  depressed  leukocyte  counts, 
eosin(^4ulia,lymphaden^thy,  and  joint  pain.  BAL 
therapy  has  al^  bwn  impUcat^  in  a  numbCT  of  other, 
less  common  complications.'*'** 


PESnODE  LEGISLATION 


Numerous  federal,  state,  locaL  artd  DoD  regula¬ 
tions  have  been  promulgated  to  ensure  the  proper  use 
and  disposition  of  pesticides.  Abriefhistoiyoffederal 
pesticide  legislation  may^hdp  the  reader  understand 
the  political  coiKems  about  pesticides. 

Pesticide  legislation  is  in  a  constant  state  of  flux. 
Current  laws  continue  to  be  amended  and  new  laws 
continue  to  be  enacted.  The purposeof  this  le^slation 
is  to  protect  those  who  apply  pesticides,  die  bystand¬ 
ers,  utd  the  environment  from  the  harmful  dftxts  of 
pesticide  residues.  Therefore,  all  participants  in  the 
pesticide  section  of  the  occupational  health  program 
must  be  familiar  with  the  current  pertinerU  military 
regulations  and  the  requirements  of  federaL$tate,and 
local  regulations. 

The  FMkfd  liMid,  Drug,  and  Cnametic  Act 

The  first  federal  law  regardirrg  pesocides  was  the 
Food  and  Drug  Act  of  1906.  It  required  that  fr>od 
shipped  in  interstate  commerce  be  pure  and  whole¬ 
some.  Although  pestidderesidues  were  not  addressed 
in  this  act  th^  exclusion  was  eventually  identified 
andtheactwascomidetelyreivritten.  Thel938le^ 
latkm  was  calied  the  Federal  Food,  Drug,  and  Cos¬ 
metic  Act  it  estaUished  the  allowable  levels  of  pesti¬ 
cide  residueson  foods.  ThislegisIationwasthefinieTa] 
government's  first  attempt  to  protect  consumers  from 
foods  that  had  been  contamiruted  with  pesticides. 

In  1954,Public  LawSl  8,  commonly  called  theMiOer 
AmeiMiment  amended  the  1938  Federal  Food,  Drug, 
and  Cosmetic  Act.  Thb  amendntent  established  pesti¬ 
cide  toUnmcet  (allowatde  residues  on  a  raw  agricul¬ 
tural  commodity).  TheMiDa’Amendmeittstat^fiiat 
a  commodity  could  be  considered  adulterated  if  (■}  it 
contairted  a  pesticide  residue  tha  t  had  rwt  been  deared 
for  safety  or  (b)  it  exceeded  the  allowable  tolerance. 

The  Food  Adoittves  Anwndment,  ettacted  in  1958, 
fiitfiter  amended  the  Federal  Food,  Drug,  and  Cos¬ 
metic  Act  in  1958:  it  regulated  the  use  of  food  addi¬ 
tives  and  estaUished  pesticide  tolerances  in  processed 
firods.  An  extremdy  inqxKtant  part  of  this  amend¬ 
ment  was  the  Delanii^  Qause,  whkh  proldbited  the 
use  of  a  pesticide  or  a  food  additive  But  had  been 
shown  tocause  maligrumt  tumors  in  laboratory  ani- 
mabatanydose 


11wIWexdiiHectickfcvIiii«ickle^  aid  Rodent 

The  first  law  regulating  the  fran^wrtation  of  pesti¬ 
cides  in  interstate  conunerce  was  eructed  in  1910:  the 
Federal  Insecticide  Act  was  deigned  to  protect  fann¬ 
ers  from  the  distribution  of  fraudulent  and  substan¬ 
dard  pesticide  products.  In  1947,  the  Federal  Insecti¬ 
cide,  Fui^icide,  and  Rodenticide  Act  was  enacted.  It 
superseded  the  1910  Act  and  required  But  pesticide 
products  be  registered  and  labd^  with  Bie  Uj5.  De¬ 
partment  of  Agriculture  before  beb^  shipped  in  inter- 
state  commeroe.  The  Federal  Insedkide,  Fiii^icide, 
and  RodenBdde  Act  also  attempted  to  ensure  Bw  safe 
use  of  pesticides  by  requiring  them  to  be  labeled  with 

•  the  mamifacturer's  name  and  address; 

•  the  name  of  the  pesticide; 

•  thenetconteiits; 

•  a  statement  of  ingredients; 

•  warnings  to  prevent  injury  to  humans  and 
other  animals,  i^ts,  arid  organisms  that  are 
not  targets;  and 

•  directions  for  use  that  would  protect  the  user 
and  the  public 

In  1972,  the  most  important  revision  of  the  Federal 
Inscctidde,  Fui^idde,  and  RodenBcide  Act  was  com¬ 
pleted;  this  revision,  entitled  the  Federal  Environ¬ 
mental  Pesticide  Control  Act,  prohibited  the  use  of 
any  pesticide  that  was  inconsistent  with  Bk  warnings 
anddirectionsonthelibri.  InoB(erwonls,tbel«Mims 
IhektP.  AiK)therpiovistonorthel972revisioniegu- 
lated  pesticides  withtn  states,  not  only  those  tnvo)^ 
in  interstate  commerce;  this  was  an  important  devd- 
opment  in  the  regulation  of  pesticides  on  a  tuUonal 
leveL 

The  Federal  Environmetdal  Pesticide  Contnd  Act 
also  required  Biat  pesticides  be  categorized  as  GctictB 
UsePtsikides»adRe$tTktedUsePestkides.  General  Use 
Pestkkies  are  those  pesticides  But  the  public  uses. 
Restricted  UsePestici^  must  beapfdiedby.or  under 
the  direct  supervision  of,  trained  and  cerBfM  person- 
ireL  A  cetBficatkm  program  was  mandated  within 
eadt  state  to  train  and  certify  Bie  personnd  «dio  could 
apply  the  pesticides  included  in  the  Restricted  Use 
category. 
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The  Envinmineata!  Protection  Agency 

In  1969,  the  National  Environmental  Policy  Act 
becamea  law  and  established  the  EPA.  The  legislation 
transferred  the  authority  for  pesticide  regulation  and 
registration  from  the  US.  Department  of  Agriculture 
totheEPA.  Atthcsametime,theaudK>ritytoestaUish 
pesticide  toleiaitces  was  transferred  from  the  Food 
and  Drug  Adnunistiation  to  the  EPA.  However,  the 
authority  for  enforcement  of  tolerances  remains  with 
the  Food  and  Drug  AdministratioiL 

Occnpalional  Safely  and  Regnlatkm 

In  1970,  the  Winiams-Steiger  Occupational  Safety 
and  Health  Act  was  ertacted  into  law.  06HA  was 
estaUisbed  as  the  regulatory  authority  to  iiiq;4ement 
theact  and  estaUish  pdicy  ti^er  dieUS.  Depvutment 
of  Labor.  The  National  Institute  for  Occupatioiul 
Safety  aikl  Health  (NK)^  was  established,  as  an 
intej^  requirement  of  the  act  to  provide  scientific 
guidance  and  recommendatioits  f^  dte  regulatory 
authority.  ExecutiveOrder  12196,  dated  26  February 
1960,  required  federal  agencies  to  com|^  with  05HA 
requirernents.  OSHApromulgatesreg^totyrequire- 
ments  and  documents  the  current  annual  requtreirtetU 
in  the  most  recent  vohime  of  Title  29,  Code  ^  Federal 
Regulations  (CFR),  part  1910,  Occupetkaal  Safrty  md 
SUmdards.  06HA  puUishes  periodk  updates 
aiKl  revisions  of  29  CFR  1910  in  the  Federal  Register 


(FR)  artd  documents  revisions  to  the  published  re¬ 
quirement  or  interim  supplementation  with  new  re¬ 
quirements.  When  the  aiuiual  copy  of  the  CFR  is 
published,  the  new  editkmautomatkr^yiiKorpontes 
an  interim  changespuUished  in  the  periodicPRsupide' 
menis.  In  addition  to  providing  regulatory  require¬ 
ments,  the  CFR  alsodocuments  die  current,  oum^ted 
PELS.  Insomecases,qpecificmedicalrequirementsare 
identified. 

DoD  Directive  10003  (29  March  1979,  with  Change 
1, 17  April  1979)  established  military  polky  and  pro¬ 
vided  implementation  guidan'-'  for  occupational 
safety  and  health.  Health  speahe  requireoients  for 
the  Department  of  the  Army  (DA)  are  identified  in 
Army  Regulation  (AR)4()-5,P)irivn.'n)rMnfkmc,Heiffft 
and  EtwirotmatL 

For  occupational  health  professionals  to  provide 
appropriate  care  for  military  employees  and  soldiers, 
th^mustbeawareofthele^andregulatoryrequiie- 
ments  that  direct  the  proviskms  forearm  Federalkgal 
requirements  mandate  that  occupational  illnesses  and 
injuries  are  to  be  reported  on  die  (D5HA  log.  Army 
regulatory  requirements  specify  dial  workers  diag- 
iKKed  nvith  occupational  illnesses,  such  as  symptom¬ 
atic  pestidde-exposed  workers,  are  to  be  identified  in 
military  occupational  and  safety  health  reports.  State 
legal  requirements  are  variable.  Marylaiid  and  Cali- 
fontia  are  examples  of  states  that  require  physkiaiis 
who  are  licensed  by  the  state  to  report  all  illnesses  of 
occupational  etiok^. 


THE  U.S.  ARMY  PESTICIDE  CXXUPATTONAL  HEALTH  PR(X:RAM 


Any  organization,  installation,  or  activity  that  lues 
or  stones  pesticides  must  havean  Occupation  Kealdi 
Program  to  monitor  pesticide  use  and  to  implement 
procedures  to  protect  the  health  of  workers.  Thepro- 
graprt  addresses  (0)  health  reports,  records  and  forms, 
(6)  protective  equipment  (c)  emergency  medical  treat¬ 
ment  (d)  pesticide  handling  and  applications,  (e)  pest- 
ccntrol  equipment  and  facilities,  (jfi  fidd  occupational 
health,  (g)  snedical  surveillance,  and  (h)  action  levels 
for  medin  removal  and  retum-to-work  potides. 

Healtii  Reports,  Records,  and  Forms 

Command  headquarters  (eg.  Health  Services  Com¬ 
mand  IHSC]  or  Army  Materid  Command  (AMC]) 
must  be  informed — tiirough  mandatory  comnurji 
health  reports— of  environmental  rdeases  and  heahh- 
relatsdproUemsinvoIvingpestickles.  Environmental 
accidents  resulting  fiom  tile  use;  storage,  or  disposal  of 
pesticides  should  be  identified  on  any  health  report 


sent  to  the  oommaixi  headquarters.  Confirmed  or 
suspected  health-rdated  proUems  associated  with  oc^ 
cupational  exposure  to  pesticides  must  also  be  re¬ 
ported.  The  purposes  of  the  report  are  tote)  provide 
essential  info^ation  about  the  dreumstanoes  associ¬ 
ated  with  the  ptob)em,(b)  identifyadditional  resources 
thatare  necessary  to  solve  the  probtem.  and  (clptovide 
mformation  conceming  proUem  resolution. 

Extensive  ocevpationd  health  records,  persoruid 
records,and  exposure  mcnitorii^recoidsare  requited 
to  provide  and  documetrt  the  healthcare  provi^  to 
all  workers  who  handle  pesticides  (see  CTiapter  3, 
Army  Health  Programs  and  Services).  Thepersonnd 
office  should  work  dosdy  with  the  pesticide  program 
management  to  assure  that  alt  job  descriptions  cknrly 
delineate  the  worksite  requironents  and  the  medicad 
oonditkms  tiiat  cannot  be  acconunodated  in  tile  pesti- 
dde-workshop  cnvironmenL 

After  employment,  preplacement  examinations 
must  be  provided  for  pesticide  applicators.  These 
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doounent  the  patient's  baseline  health  status  and  en- 
Slue  that  PPE  can  safely  be  used  (eg.  respita  tor  At  and 
heat  tolerance).  (Careful  administrative  management 
procedures  must  be  provided  to  ensure  that  there  is 
apprx^niatecDordinationbetween  all  health  and  safety 
personnel  who  ate  required  to  genera  te  or  maintain  (or 
both)  records  related  to  employment 

Cbmprriiensive  records  and  forms  should  benuin- 
tained  for  all  pest-control  or  pestkide-handling  work¬ 
ers.  Toensurethatworkingconditionsareincompli- 
attce  with  05HArequiiements,appropriate  industrial 
hygiene  site-visits,  pestkide-aptrficator  monitoring 
data,  and  safety-surveillaiKe  rerards  are  vitally  im¬ 
portant  Accurate  sampling,  analysis,  recording,  and 
interpretation  are  necessary  in  work  areas  whm  po¬ 
tential  pesticide  exposures  may  occur  (eg,  in  p^- 
conbolshopsand  pesticide-storage  warehouses).  These 
results  should  abobepromiitently  posted  in  the  work 
area  to  notify  employees  and  the^  supervisors. 

An  imprint  method  used  to  ideiitify  the  need  to 
mitigate  exposure  or  to  modify  work  practices  is  to 
obtato  woriq>lace  data  concerning  pesticide  ooncen- 
trationsassociatedwithstorageoruse.  As  noted  prev¬ 
iously,  the  concentrations  ai^  durations  of  potmtial 
exposuie  to  a  pesticide  are  critical  variable  in  this 
hazard evaliution.  Exposuredata  should becarefuQy 
obtained  by  industrial  h,  'enists  when  circumstances 
indicate  that  unacceptable  exposures  could  occur  in  the 
worlq^lace.  The  industrial  hygienist  should  (a)  collect 
data  and  keep  a  documented  record,  {b)  formally  no¬ 
tify  the  employee,  area  supervisor,  and  occupational 
hralthcare  provider,  (c)  identify  corrective  actions, 
and  (<f)  ensure  their  imptementation  to  reduce  poten¬ 
tial  exposures,  if  monitoring  clata  reveal  cotKeritrations 
of  pesticides  above  the  action  levd.  Documented  expo¬ 
sures  above  the  action  lev'd  and  all  pertinent  informa¬ 
tion  imist  be  provided  to  thecxxupatkmalhealdidinicin 
order  to  allow  appropriate  plarming  for  medical  care. 

Individuals  who  are  required  to  perform  poterv- 
tially  hazardowi  c^>erations  (using  engineering  con- 
trok  or  PPE  to  mitigate  or  prevent  th^  exposures) 
should  also  be  afforded  appropriate  medical  surveil¬ 
lance  examinations  to  document  that  their  health  is 
maintained.  The  abseiwe  of  adverse  health  effects 
among  foese  woricers  may  be  useful  to  demonstrate 
the  efficacy  of  engineering  controls  and  PPE 

The  health  hi^»y  obtamed  from  employees  prior 
to,  periodically.  aiHl  at  the  termination  of  empfoyment 
mustbecarefuUydocutttentedattdretainedforamtru* 
mum  of  30  yearsafter  the  termination  of  employment.* 
In  addition,  results  from  any  atmospheric  sampling 
should  be  induded  and  retained  in  the  military  or 
civilian  wofker'smedkalrecords.  These  resultsshrald 
be  identical  to  those  that  have  been  posted  in  the  work 


area.  Theresultsofcontinuinginedicalsurveillanceor 
exposure-rdatedmedkalexaminationsordinkal  labo¬ 
ratory  analyses  must  be  carefully  reviewed.compated 
with  tfie  preexisting  information,  and  documented. 
Special  careshould  be  exercised  to  ptoperiy  document 
and  report  workplace  accidents,  injuries,  aitd  illnesses 
in  the  medical  records.  Healthcm  providers  must 
ensure  that  Department  of  Labor  forms  for  reporting 
illness  or  injury  and  compensation  are  cmnpleted  in  a 
tiinefy  fashion. 

Emergency  Medical  Treatment 

All  employees  who  store,  hartdle,  and  apply  pesti¬ 
cides  should  be  trained  and  aUe  to  practkeemergency 
measures  that  ensure  both  the  safe  removal  of  exposed 
individuals  from  the  contaminating  source  and  their 
careful  decontamination.  AH  emfdoyecs  should  re- 
ceh'e  some  basic  life-support  tiainiiig.  Employees 
should  demonstrate  the  appropriate  use  of  PPE  to 
predudesdf-contaminationand  be  able  to  implement 
the  necessary  procedures  to  assure  that  the  spread  of 
contamination  will  be  limited. 

Because  pesticide  antidotes  are  fHescription  medi¬ 
cations,  su^  antidotes  should  not  be  provided  for 
empk^ees  to  use  unless  the  individual  emfdoyees  are 
pre^periy  trained  and  granted  dinkal  privileges  to 
provide  emergency-response  medical  care.  In  certain 
dicumstarKes  whm  extremdy  toxic  dwmkals  are 
involved— such  as  military  nerve  agents— empk^ees 
rraybeallowedtocanytheantidote.administerbuddy 
aid,  and  inject  themsdves.  Noninedical  petsonnd 
who  are  expected  to  use  prescription  antidotes  and 
perform  emergency  care  must  learn  to  recognize  the 

•  events  that  precipitate  use, 

•  quantityandfoequeiKyofadministratkRi,and 

•  adverse  effects  associated  with  such  use. 

Unless  access  to  first-aid  kits  can  be  carefully  con¬ 
trolled,  they  are  used  only  by  trained  itulividuals,  or 
the  work  b  being  performed  at  a  renwte  site,  first-aid 
kib  should  not  te  available  or  used  at  the  woriqilaoe. 
If  ttunagers  decide  that  first-aid  Idb  should  be  placed 
in  work  areas,  medical  petsonnd  must  approve  the 
Idb’  contenb,  aikl  pesticide  workers  must  receive 
approved  first-aid  training.  F^ocedures  for  safe  first- 
aid  lot  use,  kit  resupply,  accident  reporting,  and  ap- 
propriatemediudfdW-upevahiatkmshoi^tecue- 
fuQy  documented. 

The  healthcare  facilities  that  provide  occupational 
health  or  general  medical  services  must  matotain  a 
pharmaceutical  inventory  with  necessary  quantities  of 
specific  and  appropriate  antidotes,  reversal  agetrts. 
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and  anticonvulsants.  In  addition,  the  facility  must 
incoiporate  sufBcient  emergency-support  equipment 
to  maiuge  an  emergency'  situation,  and  healthcare 
providers  must  be  properly  trained  and  medically 
credentialed.  Eirtergency-support  agreements  %vith 
nearby  evacuation  services  and  hospitals  should  be 
implemented  and  continuously  revismi  to  assure  that 
timely  support  is  available. 

Pest-Control  Equipment  and  Facilities 

Industrial  hygiene,  saf^,  and  occupational  health 
persoimd  should  ensure  that  (a)  pest-control  equip¬ 
ment  is  compatible  with  the  pesticide  formulation  that 
is  being  applied,  (b)  the  equipnwnt  is  available  and 
calibrated  properly,  and  (c)  the  pesticides  are  trarrs- 
ported  properly.  EngirteeringootttrolsandPPEshould 
beoertihedasqperationaL  The  appropriate  care  atul 
use  of  the  equipment  should  be  docunwnted.  The 
fcdlowing  factors  must  also  be  considered  in  the  trarrs- 
portation  of  pesticides: 

•  Vehides  used  to  transport  pesticides,  particu¬ 
larly  pest-control  vdiides,  should  be  equipped 
with  lockable  storage  areas  attd  separate  cabs 
for  passengers. 

•  Tran^Knting  pesticides  in  the  cabs  should  be 
prohibited. 

•  Vehicles  assigned  to  the  pest-control  shop 
should  be  used  only  for  pest-contrcd  activities. 

•  Pesticide  ^rill  kits  should  be  fdaced  on  each 
vdiide. 

•  A  portable  eyewash  should  be  available  on 
vdiides  that  are  located  at  renK>te  pesticide- 
application  sites. 

•  ^ergeiuy  telephone  numbers  should  be 
pasted  on  pest-control  vdiides. 

Pestkide  storage  and  mixing  facilities  must  con¬ 
form  to  not  only  Meral  woriqrlacr  safety  and  health 
requirements,  iMt  also  to  state  and  local  fire  codes.^ 
Pestkide  lab^.  Material  Safety  Data  Sheets,  safety 
data  prepared  by  the  rrtanufacturer,  and  a  current 
pesticide  inventory  for  the  pesticides  that  are  stored 
and  in  use  should  be  avaUaUe  for  the  employees' 
I'"  '  V.  Plans  to  adequately  contain  a  pestkide  fire  at 
.  Jity  should  be  prepared  and  up^ted  annually. 

Cxqnes  should  be  provided  to  the  local  fire  depart¬ 
ment  polkedepartment,hoq»tals,and  safety  offi^* 

PcttkMe  Applications 

Only  personndwhoaretiaiiwd  and  certified  should 
apply  pesticides  or  supervise  their  application.  Sdied- 


uled,  periodk  peslidde  treatments  should  be  prohib¬ 
ited  unless  a  p^-control  professional  specifically  ap¬ 
proves,  artd  these  preventive  treatments  should 
done  only  if  surveillance  has  indicated  past  or  current 
problems  with  pests.  Furthermore,  at  least  two  pest 
controllers  should  perform  pesticide  operatkms  sudi 
as  fumigation  that  are  partkulariy  hazimdous. 

Food-hatulling  areas  and  MTFsrequire^Kdal  con¬ 
siderations  for  pest  marugement;  nondiemical  pest- 
contrc!  methods  should  be  attempted  before  chemical 
measures  are  considered.  In  food-preparation  areas, 
pestkide  treatownts  should  be  coiklucted  only  (a) 
when  the  food-preparation  area  is  not  in  operation  atvl 
(h)  according  to  the  pesticide  labd's  instructions.  Pes¬ 
ticides  should  not  be  ap]:died  loutindy  in  MTB,  but 
onfy  when  the  pest  info^tion  warrants  the  use  of  a 
pesticideand  thmon/y  adrnmistiativeorstorageareas 
should  be  treated.  Pesticides  should  not  be  applied  in 
patient-sensitive  areas  su<di  as  intensive  care  wards, 
cmergerKyrooms.orinfantmirseries.  It  is  partkulariy 
important  that  pesticides  not  be  applied  in  neonatal 
wards:  infants  have  low  blood  cholinesterase;  cho- 
Imesterase-inhibitmgpesticidesused  in  neoiutal  wards 
could  cause  serious  health  problems. 

A  pest-numagement  coordinator  should  be  ap¬ 
point^  in  each  MTF.  All  pest  sightings  should  be 
reported  to  the  coordinator  artd  any  actions  taken  to 
control  pests  in  the  facility,  tndudii^  the  use  of  pesti- 
ddes,  should  be  documented  and  maintained  the 
coordinator.  Specific  guidance  for  pest  management 
operations  in  medical  treatment  facilities  is  provided 
in  Armed  Forces  Pest  Management  Board  Teduucal 
Information  Memorandum  20.^ 

Medical  Sttrveillaiice 

Comprehensive  medical  surveillance  isanessential 
element  of  a  functional  occupational  health  program. 
As  a  program  dement,  the  term  metfioo/ sicnwiUntce  is 
amisnomer.  Thesurveillance  element  is  composed  of 
(a)  general  medical  and  ^wdfkocxupationalexposuie 
history  review,  (b)  target-organ-system-focused  medi¬ 
cal  examination,  (c)  selected  diniad  laboratory  analy- 
ses,  and  (d)  medical  intervention,  depending  on  ex¬ 
amination  findings.  Incontiasttoitsuseasapipgiam 
dement,  ingeneial  preventive  medidite  the  term  medi¬ 
cal  surveiDaiKe  is  a  separate,  descriptive  term.  In  that 
context,  medical  surveillance  b  a  type  of  secondary 
pTevention,diiected  toward  identifiation  of  exposure 
effects  at  the  time  of  organ-system  injury,  prior  to  the 
emset  of  permanent  danuge  (impaimtent).  For  com¬ 
parison,  the  term  tnological  exposure  index  (BED  b 
used  as  an  dement  of  primary  prevention  to  identify 
and  measure  the  specific  ciremi^  or  its  metaboittes. 
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in  biological  fluids.  Measurement  offlwdiemicalorits 
metabolite  may  not  prove  to  be  medically  useful  ex¬ 
cept  to  define  whether  a  possiHe  exposure  has  oc¬ 
curred.  For  the  BEI  to  have  maximal  utility,  a  dose- 
response  relationship  for  humans  must  have  been 
determined  for  the  diemical  or  metabolite  that  has 
been  measured. 

The  toxidties  of  the  chemical  materials,  the  poten¬ 
tial  for  cumulative  effect,  and  the  potentially  serious 
medical  consequetKes  of  long-term,  low-dose  expo¬ 
sures  make  a  medical  surveillaiKe  program  essential 
for  pesticide  workers.  The  interdependent  industrial 
hygiene,  safety,  aiul  medical  fatetors  that  exert  impor¬ 
tant  influences  on  the  type  and  extent  of  medkal 
surveillance  programs,  iidude 

•  the  number,  amount,  and  toxicity  of  the  pesti¬ 
cides  being  handled; 

•  the  potential  hazards  associated  with  the  for¬ 
mulations; 

•  the  potential  hazards  associated  %vith  the  ap¬ 
plications  that  are  being  performed; 

•  the  presence  or  absence  of  a  wdl-ventilated, 
properly  designed  and  constructed  pest-con¬ 
trol  shc^  or  wardKNise; 

•  the  degree  ofcompliaiKe  with  procedures  that 
are  intended  to  minimize  pesti^e  health  haz¬ 
ards;  and 

•  theextentofindustrialhygienesurveysrelated 
to  pcrsoimd  exposures  and  the  results  that  are 
ob^ined  with  a  woricplace  environmental  sur¬ 
vey  program. 

As  a  tool  to  tailor  medical  surveillance  for  the  indi¬ 
vidual  pesticide  worker,  a  health  aixf  safety  hazard 
evaluation  is  necessary  to  fully  analyze  thecumulative 
importance  of  the  factors.  Fw  example,  potential  ex¬ 
posures  of  pesticide  workers  are,  as  a  rule,  not  re¬ 
stricted  to  one  particular  substance.  Usually  a  number 
of  pesticides,  formulation  components,  solvents,  and 
cleaning  agents  with  very  differ^  modes  of  action  artd 
degrees  of  toxicity  are  used  intermittently  and  simul¬ 
taneously.  The  comprehensive  set  of  eroployee-^)e- 
dfic  exposure  possibilities  represents  the  individual's 
exposure  profile.  A  comprehensive  medical  surveil¬ 
lance  program  is  opflmally  developed  to  identify  the 
emf^'tyee  who  has  had  a  gradual  decrement  in  dio- 
linesteiase  as  a  result  of  ongoing  organopho^phate 
exposure  before  the  worker  experiences  symptoms 
frm  the  application  of  a  carbamate  iirsecticidc. 

MedkalsurveillatKcexaminations— preplaccnrcnt, 
periodic,  and  tcrnuiution— should  be  specifically  de¬ 
signed  for  each  employee:  the  contents  of  the  nwdica! 
evaluation  should  be  determined  by  the  potential  ex¬ 


posure  proflle  of  that  employee,  ^weifle  medical 
surveillaiKe  tests  or  appropriate  biologicai  exposure 
indices  should  be  identifi^  for  the  employee  on  a 
case-by-casebasis.  Ifageneralizedexposurepotential 
to  numerous  chemicals  exists,  an  extensive  suiveil- 
latwe  examination  is  usually  required.  Thehealflicare 
provider  should  coordinatewithindustrialhygieiiists, 
safety  professionals,  and  supervisors  to  <k^gn  qre- 
cificexamiiMtions  focused  to  the  individual  em]^0)ree. 
Although  coordination  airving  these  individujds  fos¬ 
ters  a  better  medical  uitderstanding  of  the  worlqrlaoe, 
the  healthcare  provider  must  rernember  to  maintain 
the  confldentiality  of  medical  infenmatkm. 

Medical  surveillaiKe  examiiutions  of  pesticide 
workers  are  provided  for  all  employees  who  have  the 
potential  for  exposure  to  pesticides  in  excess  of  either 
the  statutory  (29  CFR1910)or  the  recommended  expo¬ 
sure  levris.  The  ACGIH  aiwualfy  publishes  the  cur¬ 
rent,  revised  set  of  recommended  exposure  limits  and 
action  levels.  Both  OSHA  and  ACGIH  limits  identify 
levels  that  should  be  safe  for  the  traditioiul  worker 
exposure  (40  h/wk  for  the  duration  of  employment}. 
Thk  examiiution  is  provided  for  aiqr  emplojm  who 
has  the  potential  to  become  exposed  at  or  above  the 
legal,  regulatory,  or  advisory  exposure  levds  de^te 
the  preseiKe  or  use  of  engineering  controlsaiKirPE  or 
if  administrative  work  practices  fail 

Preplmcement  Ex*mim»tion 

Preplaccment  examinations  are  performed  before 
an  employee  is  assigned  to  the  wori(site.  Asaresultof 
the  Americans  with  Disabilities  Act  (ADA,  which  be- 
cameeffective  in  1992,  and  by  1994  will  cover  compa- 
Tues  with  more  than  15  employees),  the  character 
fype  of  examination  performed  prior  to  employment 
or  job  assigrurrent  has  changed  dramatically.*’  In 
sIk^,  before  the  statutory  requirement  was  imple- 
mented,  individuak  presumed  to  be  at  increased  risk 
from  exposurecouldbcexduded  from  emplqymcntor 
particular  positiofts.  SirKe  the  ADA  becarne  effective, 
however.  H  is  illegal  to  refuse  employment  or  place- 
ment  for  the  mdividual  who  may  be  ill-suited  to  per¬ 
form  the  job  unless  sprecifk  coitditions  of  emfdoyrnent 
are  published  in  the  job  description.  If  a  potentially 
susceptible  employee  is  hired  in  theabserKeofqMdflc 
exclusions  (coirditions  of  employment),  the  wenk  site 
mu^  be  reconfigured  to  accomrnodate  the  employee. 

The  prefrfacement  examirution  for  potential  pesti¬ 
cide  workm,  performed  by  a  physician  or  prc^perly 
privilcgedand supervised  healthcare provider.shouid 
itKlude 

•  a  comprehensive  medical  and  work  history: 
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•  a  i^yskal  examination  with  particular  atten¬ 
tion  to  the  cardiovascular  and  respiratoiy  sys¬ 
tem  to  evaluate  the  employee's  ability  to  use 
lespiiatoiy  protective  e^pment; 

•  an  examirution  of  the  h^tic  and  reiul  os¬ 
teins  to  ensure  that  emjdoyees  will  iKit  be 
unusualty  susceptiUe  to  ill  effects  from  pesti- 
cides.fbrmulationptoducts^scdvents^ordean- 
ing  materials; 

•  examiiutions  of  the  musculoskdetalaitd  ner¬ 
vous  systems  to  identify  preexisting  neuro- 
lo^cal  disorders,  including 

•  evaluations  of  PNS  and  CNSfimctions,  and 
o  mental  status  and  limited  iteuropsydiiatric 
evaluations; 

•  adtestXray; 

•  spirometry,  mduding 

o  forced  vital  capacity  OFVO  and 
o  forced  expratoryvdumeatl  second  (FEV|); 

•  a  complete  blood  count; 

•  bver  function  tests  (such  as  SCOT  artdLDH); 

•  rerukl  futKtion  tests  (sudi  as  oeatirune  artd 
BUN). 

The  preplacement  examination  may  itKhide  a  vari¬ 
ety  of  othCT  dements  if  irvlicated  the  potential 
exposure  profile.  For  example,  for  itidividuals  who 
be  required  to  work  with  die  organo^dwsfdiate 
insecticides,  one  component  of  the  examination  is  the 
determiiution  of  the  baselitre  erythrocyte  cholinester- 
aselevd.  Subsequentarudysesduringperiodicexami- 
rutiortsor  after  subjected  exposures  will  be  evaluated 
by  comparing  with  thebasdine  levd. 

Theeiythrocytediolmesterasebasdiitedetermira- 
tkm  is  ddmed  as  the  average  value  of  three  separate 
erythrocyte-associated  dtolmesterase  measuremetds 
obtaitted  during  a  9- to  14-day  period.  Cholinesterase 
measurement  nrethods  must  be  subjected  to  judicioits 
quality  control  procedures, both  irtsideatKlcutsidethe 
laboratory.  Quality  control  is  essential  to  assure  con¬ 
sistently  reproducfoleaiulrdiabie  results.  Laboratory 
oonsisteiKy  is  critical  because  "ncmnar  levds  vary 
wid^  aoKHtg  individuals,  but  chaixge  very  bttle  over 
time  in  die  same  iirdividuaL  Several  methods  have 
been  developed  for  die  analysis  of  cholinesterase  lev¬ 
ds.*'  Extrem  care  must  be  taken  to  ensure  that  aU 
subsequent  samples  are  analyzed  by  die  same,  care¬ 
fully  controlled,  techrdque  Results  of  each  test  must 
be  reviewed  by  an  individual  who  has  been  granted 
dinical  privileges  to  provide  this  type  of  care. 

The  erydiro^techdinesterasebaadineaiidaD  sub¬ 
sequent  test  results  should  bedocumented  graphically 
(H^re14-8}.  Individualswhoseerythrocytechotines- 
terase  is  depressed  more  than  25%  should  receive  an 


immediate  medical  evaluation  and  then  be  removed 
from  further  exposure  to  dwltnesterase  inliibitors. 
Individuals  can  deared  to  return  to  work  when  the 
enzyme  levels  reach  80%  of  the  patient's  baseline. 

Plasma  dioUnesterase  (sometimes  called  pseudo- 
cholinesteiase  or  butyiykholinesterase)  may  be  dg- 
nificandy  changed  with  short-term,  rdadvdy  high- 
dose  exposures  to  cholinesterase  inhibitois.  The 
reactivation  and  replacement  kinetics  of  die  plasma- 
associated  enzyme  do  not  permit  their  being  used  in 
routine  surveillance,  although  the  plasma  measure¬ 
ment  can  be  used  to  confirm  a  very  recent  pesticide 
exposure. 

Periodic  ExMmimmtioHS 

AphysidanorprivOeged  hcahhcareprovidersbould 
performaperiodicexamination,based  on  the  worker's 
potendal  for  exposure  to  pestidde  levds  above  the 
action  levds  identified  by  06HA  or  die  ACXHH.  The 
examination  should  be  focused  within  diescope  of  the 
preplacement  examiiution  and  should  be  d^ieiident 
on  die  potential  exposure  hazard.  The  ficquemy  of 
this  examination  is  arbitrary;  it  can  range  from  annu¬ 
ally  to  a  frequency  that  depends  on  the  worker's  age 
and  health.  For  example,  an  age-rdated  examination 
could  be  performed  on  individuals  with  a  minimal 
potential  for  pesticide  exposure:  workers  ycungtx 
dian  40  years  ^  age  would  be  examined  every  4  years; 
nvorkers  40  to49yearsofage  would  be  examined  every 
2  years;  and  workers  50  years  and  older  would  be 
examined  annually. 

Periodic  examinations  must  be  perfomied  on  work- 
ers  who  require  PPE  to  verify  that  the  levd  of  protec- 
tionisadequate:  Theexamininghealdicareprovideris 
responsible  for  coordinating  with  the  personnd  who 
diaiaKterize  and  document  exposure  profiles  so  that 
appropriateanddmdyperiodicexaminatkmsarepro- 
vided  to  an  appropriate  workers. 

The  need  ^  more  extensive  suTveSlance  increases 
in  situations  when 

•  more  toxic  or  hazardous  pesticides  are  used, 

•  medical  examinations  indicate  that  more  fre¬ 
quent  monitoring  is  necessary,  or 

•  a  health-  or  safety-hazard  einahiation  reveals 
that  potential  pe^icide  exposures  could  affect 
wotkeis' heal^ 

If  the  medkal  surveillance  program  is  extended 
because  of  potential— or  actual— unfovoraUe  work¬ 
ing  conditions,  die  extension  should  be  con^ered  as 
an  interim  measure  until  more-effective  controls  are 
installed. 
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CUNICAL  RECORD  nOTIINC  CHARf 


RED  BLOOD  CELL  CHOLINESTERASE  LEVEL 
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Rf.  IM.  Ilie  CBnicd  Recoid-flatBng  Otart  (SF  512)  b  m  ippfo««cl  fann  fcr  cifiy  In  «  medhal  trettRicBt  fKRity's  employee 
oti^p><ioRinedk»iieco»d.llw8CTplfcfeoaid«>wildfadia>ewactiiwttr,(<g,n2W 

awenylo3fBe^yo>dieitheKtk»lini^«irto<|MtfCT^minRpmenlpfKlkti,iuJiwcwMiiiedfcrie>ainiBationocietaroto 
wori^,niiybeiini<t»gi*ed.Aiw>fa<wiw«lfaeshouldbedriwBalttieleteiof25%dfpwiiion.TI«d^ 
^!!'di«fe)H*fywencein  the  pHoflheciyaM«y>een»how>B<liduienad  after  tttendditeicEabufltf, warn 
clioiilicfIcnM  Ktivily. 
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Regardless  of  the  woricer's  age,  a  brief,  focused  Determinationsofeiythrocytecholinesteraselevels 
interim  review  (d  history  should  be  documented.  A  should  be  performed  more  fir^ently  when  woricers 
carefully  elicited  history  of  a  general  pesticide  worlcer  are  required  to  handle,  store,  mix,  or  use  organophos* 

who  has  a  wide  potential  for  exposure,  should,  at  a  phate  insecticides.  For  example,  if  hequent  applica* 
minimum,  evaluate  the  organ  systems  mentiorwd  in  tkms  are  required  during  thesummer,  monthly  deter- 

Table  14-11.  Liver-  and  kidrrey-function  tests  attd  a  minadons  of  the  enzyme  levd  dmuld  bedocumented 

aunf^ete  blood  count  should  be  performed  aruutally.  asa  prudent  medical  practice.  In  winter,if  nopotential 

If  other  occupational  exposures  exist  (such  as  hi^  exi$tsforexposure,nodeteni\inationofchoIinesterase 
noise  levds  from  the  vdiicks  or  aircraft  used  for  levels  would  be  required. 

sprayingpestickles),appropriatemedicaIsurveiliarKe  Theresulisofpeiiodicexamirutionsshouldbenega' 

of  the  eff^  from  the%  other  occitpadonal  exposures  dve.  If  deviations  from  the  normal  baseline  occur  for 

should  also  be  provided.  occupationalIyrelatedreasons,trK>refrequentormore 

The  frequency  of  periodic  detentiirutkms  of  eryth-  exterrsiveexamirudons  may  be  indicated.  At  the  same 

rocytechoUnestoaselevdsshouldbecarefuIlyplarmed  time,  an  invesdgadon  should  be  initiated  into  dre 
for  each  individual,  focusing  on  the  potendd  for  sig-  causeofthedeviadoir,withspecificattentiondirected 
nificant  exposure  to orgarK^hosphateinsectickles  or  towaiden^iweringcontroIs,PPE.andworkptactices. 

siitular,riulitarilyuruque$ubstariixs.  Ifanemergency 

oraworfcer'sbreadiofprotectkmhascausedanexpo-  PnUrmuutimExambmtUm 
sure,  the  results  of  the  cholmesterase  anatysb  should 

be  diarted  irrurtediatdy  on  the  ditucal  graph  and  Foremf^yeeswhohavebeenassodatedwithpes- 

compared  to  the  individual's  baselme.  Inad^tkm,a  tidde  use,  pretermination  examiiutions  should  be 
choUnestetase  determination  and  comparison  vrith  performed  within  30  days  of  die  termination  of  their 
the  basdine  are  required  when  a  symptomatic  tndi-  emfdoyment  And  as  was  previously  discussed,  the 
vidualb  evaluated.  employee's  totalemploynteitthealthhistoiy — obtained 

TABU  14-11 

HIS1X»Y  AND  PHYSICAL  EXAMINATION  FOR  PESTICIDE  WCHtKERS 
EvdaatioaCalcSOtia  Areas  ofEatphasb 

General  History  Appetite,unexpbined  weight  change,  fatigue,  work-site  exposure  potential 

Visual  Acuity,  need  for  prescription  inserts,  dimness  and  blurring  of  vision,  unilateral  or  Ulateral 

miosis,  pressure,  dwmosb,  allergic  con  jurretivitis 

Respiratory  Rhinonhea,  breathing  difficulty,  cough,  tightness  of  chest,  bronchoconsiriction,  increased 

brondUal  secretkms,  wheezing  asthma,  recurrent  respiratory  allergies,  respirator  wear  (use 
test),  daustrophobia,  pulmonary-hmction  testing,  if  needed 

Cardiovascular  History  of  cardiovascular  difficulty,  atrial  or  ventricular  arrhythmia,  frinting,  evidence  of 

cardiac  susceptibility,  blood  pressure  history,  family  history 
Gastrointestinal  History  of  ulcer  or  dironic  bowd  disease,  neurological  assessment  for  S}rfuncter  tone;  history 

of  incontinence  or  soiling 

Cutaneous  Sweating  disorders,  heat  tolerance,  metabolic  or  genetic  disorders,  beard  pattern,  eczema. 

exfoliation,  contact  derrtatttis,  hematoma,  easy  bruising,  petechiae 
Genitourinaiy  Frequency,  incontinenoe,  history  of  retud  disease 

Musculoskeletal  Localized  or  generalized  fasdculation.  respiratory  insuffidetKy  (paralysfa),  weakness,  cramps, 

twHddng,  strci^th,  symmetry,  family  histocy 

Nervous  Aiudety,  giddiness,  restlessness,  depression,  emotional  lability,  excessive  dreaming,  tremor, 

nightmares,  confusion,  headadre.  ataxia,  apnea,  convulsions,  paresthesia,  mental  status  exam, 
general  ireurological  evahutkm,  affect,  mood,  memory,  judgment 
Hematological  Erythrocyte  cholinesterase  baseline  (for  organophosphates) 
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from  prcidaceinent,  periodic,  illness  or  injury,  and 
pretexmination  exaiiunations— must  be  retairied  for  a 
minimum  of  SOyeais.^  All  normal  findings,  together 
with  any  details  of  exposure  and  abttormal  firrdings 
that  could  be  ascribed  to  pesticide  exposure,  must  be 
evaluated  and  documerrted  before  the  employee's 
record  is  further  diqxrsed  or  retired. 

Action  Levds  for  Removal  and  Retom-to-Work 
Polkies 

In  general  any  abnormal  finding  that  couki  be 
related  to  pesticide  exposure  should  cause  the  em- 
phyee  to  removed  fiom  further  exposure  rmtil  a 
oomi^  evaluation  is  madewnth  respect  to  the  extent, 
causevarrdsignificarKeofthefirtding.  Theemployee's 
return  to  w(^  should  not  be  recommended  if  pesti¬ 
cide  exposure  could  furfiier  harm  the  worker'shealth, 
even  ifpesHcule  exposure  did  tk)f  cause  the  almormalify.  If 

SUMMARY 


the  woricer  is  found  to  have  depressed  levels  of  eryth¬ 
rocyte  drolinesterase,  which  is  fuUy  reversible  over 
time  if  no  additional  exposure  occurs,  the  fcdlowing 
policies  should  be  adopt^: 

•  The  worker  must  beremovedfipom  work  when 
the  erythrocyte  dwlinesterase  activity  is  de¬ 
pressed  to  75%  or  less  of  its  basdme  value 

•  The  worker  should  be  permitted  to  return  to 
work  when  the  erythrocyte  cholinesterase  ac¬ 
tivity  has  rehtmed  to  80%  or  moreof  its  normal 
value,  provided  that  this  level  is  confirmed  by 
asecondtest  In  addition,  the  worker  must  be 
a^mptomatic  atrd  have  had  rto  exposure  to 
ciioliriesterase  inhibitors  for  at  least  I  wedc. 

•  The  erythrocyte  chedinesterase  levels  should 
rwt  routindy  be  evaluated  rrtore  firequently 
than  once  per  tvedc  because  the  rrormal  recov¬ 
ery  rate  is  approximately  1%  per  day. 


Pesticides  ate  used  to  prevent,  destroy,  or  mitigate 
pests.  To  be  efiective,  however,  they  must  be  apf^kd 
into  fire  pest's  environment—^  same  environment 
shared  ly  other  animals,  plants,  artd  humans.  To 
rninirruze  adverse  effects  of  pesticides  to  the  environ- 
mentcvhurtunhealllvfite  risks  ofapfrfyingapestidde 
must  be  weighed  against  the  benefits  of  its  use.  The 
irubility  to  fuQy  identify  the  risks  assoeiated  wifir 
irttrodudng  pe^icides  into  the  envirorunent  is  a  con¬ 
tinuing  probletrr. 

Althcwgh  in  some  instances  Iheacuteeffects  may  be 
knenvn,  thm  is  a  paucity  of  information  on  chronic 
effects  that  result  fiom  k^-term  exposures  to  pesti- 
dde  residues-^rot  cmly  to  those  who  ap{^y  pesticides 
butakotobystanders.  Forthisreason,thesafeappii- 
cation  of  pe^icides  requires  that  precautions  be  taken 
to  protect  against  aatte  or  cduo^  exposures  to  the 
residues.  Human  exposures  to  pesticides  during  their 


appUcationareminimizedbyusmgPPEand  appropri¬ 
ate  engineering  oontids. 

The  pharmacolog)'  of  pesticides  is  rurt  militarily 
utiique  However,  medical  officers  need  tobe  familiar 
with  the  rtrediarrisms  of  toxicity,  their  sigrrs  and  ^mp- 
toms  of  intoxication,  artd  the  recommended  rrtedkal 
management  practices,  occupational  exposure  sur¬ 
veillance  end-points,  and  long-term  effects.  Medical 
officers  also  ni^  to  be  familiar  with  the  numerous 
pesticide-rdated  federal  state,  local  and  DoD  regu¬ 
lations. 

The  inherent  hazards  to  hurttans,  during  and  after 
pesticide  application,  dictate  that  a  ccHnptehensive 
occupational  rrtedkine  program  be  implemented. 
This  irtdudesmonitorirtg  the  woriqrfaoe  fa  pesticide 
use  and  disposition.  In  addition,  the  program  pro¬ 
vides  mechanisms  to  investigate  alleged  itKidents  of 
pestidde  exposure. 
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INTRODUCTION 

The  ekct'ornagnetic  (EM)  radiation  spectrum  has  biological  systems  may  be  cumulative  and  can  be 
been  divided  into  somewhat  arbitrary  frequeiKy  re-  detrimental  or  even  fatal 

gions  (Figure  15-1).  The  spectral  divisions  are  usually  Another  obvious  division  occurs  at  wavdengths  of 

based  on  the  radiation's  origiiuiting  process  aitd  thie  approximatdylmmbetweentheopticalandRFiadia- 
manner  in  which  this  radiation  interacts  with  matter.  tionK^oiis.Thesecanbefuitherdividedmtoitarrower 
The  most  useful  divisions  are  between  ionizing  ladia-  bands  ad  mfinitum.  The  radiation  produced  in  this  por- 
tion(Xrays,gammaiays,andcosmicrays)arKinonion-  tion  of  the  spectrum,  however,  does  not  possess  en- 
izingradiatkm(ulttavioIet{UV]radiation,visibIelight  ogy  sufficient  to  ionize  matter.  This  nonkmizing 
tadiation,infiaredlIR)radiation,arKlradio-frequeitcy  ladiationexdtesatomsbyraisingdieirouterdeclionsto 
IRF]  waves).  Thediviskmbetweenioiuziiigaitdrwniott-  higher  orWtals,  a  process  that  nuy  store  energy,  pro- 
izing  radiation  is  generally  accepted  to  be  at  wave-  duaheat,orcausecheinicalreactioti$(|rfiotodieinistry). 
lengths  00  around  1  nm,  in  the  i^-UV  region.  The  bidogical  effects  of  nonionizmg  EM  radiatim  are 

Ionization  of  matter  occurs  when  an  dectron  that  is  caused  by  thennal  stress  (the  accumulation  of  heat), 
orbitir^  a  stable  atom  is  expdied.  Atoms  of  all  ele-  Whenheatisdissipated,theefiectsdoi>otper$ist(they 
ments  can  become  ionized,  but  only  gamma  rays,  X  aiemtcumulathre).  Whendwdwimalstressisextreme^ 
rays,  al|^  partides,  ard  beta  partida  have  enough  however, peisistinginiuTiessuchaseiydwiiui,cataracis, 
energy  to  create  kms.  Because  kms  are  diarged  par-  orbuntscanoocur.ThesearenotmincHrinjunesrforRF 
tides,  they  are  chemically  more  active  than  thdr  dec-  radiation,thebumcanbeintemalandIifethreatening; 
trically  rteutral  forms.  C3iemicaldumges  that  occur  in  fw  laser  systems,  the  injuries  occur  to  fite  eye. 

CHARACTERISTICS  OF  ELECTROMAGNFnC  RADIATION 

Two  complementary  concepts  have  been  used  to  easier  to  conceptualize  with  the  partide  modd.  The 
describe  EM  radiation:  the  wave  model  and  the  par-  wavemodeIch^ctetizesEMra<&tiona5lheprqpge- 
tide  modd.'  Certain  EM  phenometta  are  easier  to  tion  of  energjf  tkrou^  transverse  osdUations  ofthedectric 
conceptualize  with  the  wave  irwdd,  and  others  are  oiufmegnefic/idds.  These  EM  waves  are  measured  by 


Hg.  15-1.  The  diviskiRS  of  the  dcctronugnetk  ^wctrum  are  arWtary,  overlapping  regions  on  a  continuum.  The  generally 
araepted  diviskins  are  cosmic  rays  X  <  0.^  A;  gamma  rays  X 0.006-1 .4  A;  X  rays  X  0.  M  00  A;  ultraviolet  (UV)  X  4(M0C  run; 
visibte  light  X  400-700  nouinfived  (DUX 700  iuiv-1  mm;micnnvave(MW)X1  nun-l  m;  radio-frequency  {RF)X>1  m. 
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four  parameters:  frequency,  wavelength,  pclariza- 
tion,andamplitude(fieIdstrength).  The/requmcyofa 
wave  is  its  number  of  oscillations  per  seomd  as  mea- 
sured  in  hertz;  the  is  the  distance  between 

successive  waves,  or  the  distance  between  the  peaks. 
Polarizatm  is  the  relative  orientation  of  the  EM  radia¬ 
tion  (horizontal,  vertical,  or  circular).  Amptitude  is  the 
absolute  strength  of  the  EM  radiation  as  n>easured  in 
volts  per  meter  or  amperes  per  meter,  frequency  and 
wavelength  are  related  to  each  ether  thrwgh  wave 
txiocihf  sudr  that 

f 

where  c  represents  the  wave  velocity,  X  represents  the 
waveleng^and/representsthefre^ency.  Thespeed 
will  change  with  different  media  but  will  never  exceed 
the  speed  of  light  in  a  vacuum  (3.0  •10*  m/s).‘ 

The  particle  model  proposes  that  EM  radiation  con¬ 
sists  of  entities  called  phoforrs,  whidt  can  possess  only 
discreteamout)ts  of  energy  Photons  can  only 

exist  in  motiort,  which,  fOT  them,  can  only  mean  mov¬ 
ing  at  the  speed  ot  t'ght  Photons  can  interact  with 
other  partides,  exchanging  energy  and  momentum 
throu^  dastic  artd  inelastk:  coUi^ons. 

Higher-frequeiKy  EM  radiatkm  has  higher  eirergy. 
Planck's  constant  (6.62  •  10*^  J/sec)  relates  the  actual 
energy  value  of  a  quarrtum  to  frequettcy  in  the  equation 

E  =  h*f 

where  E  represents  the  actual  energy  value,  h  repre¬ 
sents  Planck'scQnstant,and  /represents  theftequency. 

The  particle  model  b  useiFul  in  conceptualizing  cer¬ 
tain  phenomeiu  such  as  scatter,  artd  b  also  used  :o 
describe  the  phenometron  of  stimuUttcd  cmissm  (a 
quantum  mechanical  phenottrenon  that  results  in  the 
emission  of  twophotems  in  the samedtreetkm  with  the 
;;ame  eneig)' and  spatial  cohereiKe).'  Thbb  the  es¬ 
sence  of  the  loser  (fight  amplification  by  stimubted 
emission  of  radiation),  whi^  b  a  tedmology,  trot  a 
type  of  radiatkm.  However,  current  usage  employs 
the  term  laser  to  refer  both  to  the  tedmedogy  and  to  the 
highly  roUimated  beam  of  nonionizing  radiation  that 
it  produces. 

The  terms  energy  airdpoznrr  are  not  synonyms.  En¬ 
ergy  refers  to  the  ability  to  do  work,  whimas  power  b 
the  ability  to  do  work  per  unit  time. 

TheduuacterbticsofEMTadiationcanbecategc>' 
rized  as  shared  properties  and  distinctive  interactkms 
with  nutter.  All  types  of  EM  radiation  share  certain 
properties  that  nuke  them  alike.  However,  when  EM 
radiation  interacts  with  iihttter,thediffeTences  become 
evident  Forexample,visiUelightcanbeabscibedby 
a  thin  sheet  of  pp«r/  t’ut  RF  radiation  passes 
through  the  paper  essentially  uninhibited. 


Fh]rsical  Properties 

All  types  of  EM  radiation — ionizing  and  nonioniz¬ 
ing— share  the  properties  of  (a)  divergeiKe,  (W  inter¬ 
ference,  (c)  coherence,  and  (<0  polarization,  and  aside 
from  having  differing  amounts  of  energy,  they  do  not 
ditfer  in  thdr  f^ysical  properties. 

DwfTgtHce 

The  term  dwergmee  b  used  to  describe  how  Hie 
radiation  emitted  from  a  source  spreads  out  Itcanbe 
calculated  using  the  fcnmula 

D= 

r 

where  D  represente  divergence,  b  represents  the  di¬ 
ameter  of  thebeam  at  the  point  measu^,  a  represents 
tile  diameter  of  the  beam  at  die  point  of  enussion,  and  r 
represents  the  length  of  the  tayin  question  (EigurclS-2). 

Divergence  b  rdated  to  the  ditiraction  li^t,  which 
b  the  degree  to  which  nonionizing  radiation  interacts 
withmatter.  It  b  impossible  tor  divergence  to  be  less 
than  the  diffraction  Iknit^  (With  lasers,  tiiedivergetice 
b  almost  eqiul  to  the  diffraction  limit)  Oher  factors 
that  contribute  to  divergence  indude  the  size  of  the 
source,  the  means  of  radiation  production,  the  geom¬ 
etry  of  the  emitter's  aperture,  and  the  medium  of 
propagation. 

Isofroptc  and  coUinuted  radiation  emitters  exem¬ 
plify  two  contrasting  concepts.  By  definition,  radia¬ 
tion  from  an  botropic  emitter  spreads  out  uniformly  in 
all  directums  surrounding  the  source.  Theintensilyof 
the  rad  ration  decreases  with  the  square  of  the  distance 
from  the  sourer,  at  triple  the  distance  from  the  source, 
the  intensity  of  the  radiation  decreases  by  a  factor  of  9 
(figure  15-3),’ 

Collimated  radiation,  however,  has  an  a^mmetri- 
cal  or  directional  spatial  pattern.  The  intensity  of  the 
radiation  does  not  decrease  with  the  square  of  the 
dbtancebutgraduallydecreaseswithdistaiKe.  Lasers 
are  highly  collimated  sources  of  radiation.  The  light 
from  automobile  headlights  b  somewhat  coOimated; 
it  has  a  larger  divergence  than  that  from  a  laser  but 
a  smaller  divergence  than  that  of  an  botropic  emitter 
(sudi  as  a  tungsten  light  bulb). 

ImteffmMce 

TTie  prindple  of  superpoatiming  maintains  that 
amplitudes  of  intersect^  waves  comirine  to  produce 
aresultaiilwave(figuie1S4).  Therefore,  the  net  effect 
of  interference  for  two  waves  of  the  same  frequency 
will  be  cither  omsfrucffnr(theampUtude  win  increase) 
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Hg.  15-2.  Divei]gnKe  GUI  be  measured  as  the  dungc  in  tlie  dianteter  of  the  beam  di\ided  by  the  distanfe  of  propagation. 


Hg.  154.  When  the  distance  from  an  botropkem  'increases  by  S-folti  the  light  fQb  a  9-$old  greater  area.  Immcljr,  die 

amount  of  light  falting  on  a  given  area  decreases  by  W  (the  Inverse  Square  law). 


/  t 


Ncttkmmn$  KadklioH 


Rg.  tS-l  Constructive  and  (if»tn2Ctivr  intaference- (t)  T%n>  waves  du!  are  in  phase,  in  which  peaks  match  with  pealsy  can 
becorabbwdtcipnxhjcea«v3vedieainplitudeofwhk}i{sdtesuinoft}iepeaks.d>)Twowavesthtfareoutofi;i>a$ecai;nii]]tfy 
each  other.  Note  that  these  waves  arc  precuely  in  or  out  of  phase.  Wa  vts  only  slightly  out  of  phase  wiQ  result  in  other  typo 
of  waves. 


ordes/ntffnv{theampiittidewi8<}ecrease}.  Coostnicy 
tive  inietference  occurs  when  two  wa>‘es  of  equal 
amplitude  an  in  phase  (their  crests  overlap);  tfte  reult 
isasinglewavev^iwkedieainpiittKle.  Destructive 
interfantcc  occurs  wdten  two  waves  are  out  of  phase 
(a  peak  overlaps  a  trou^  aitd  tfteir  enet]gies  imlhfy 
ea^  other.  The  mterfeiooe  phenctnerton  can  be 
ilhjsteited  by  ilhuninalii^  two  diffraction  slits  with 
spatially  ccrfteient  Uj^t  The  intersection  of  the  two 
diffraction  patterns  p^uces  aHerrtaling  constructive 
atKl  destru^’e  intofiernice  bands.' 

Cakemtee 

The  oohennee  of  EM  radiation  impliesofganization 
and  means  literally  "sticking  together^  with  respect  to 
phase.  As  the  amplitude  of  the  EM  5rid  varies  cydfr 
csIlY,Iikewisesodioesthewavephs».  InaddHkwuEM 


radiation  coherence  nay  be  either  spatial  or  temporal; 
the  two  dififT  greatly  (Figure  15-5).  A  tempmOy 
coherent  radial  source  is  nronodnomatic  aird  re¬ 
quires  equal  amounts  of  time  for  the  phase  peakof  ffie 
radiation  rays  to  pass.  A  qratialiy  coherent  radiatfon 
source  emits  rays  with/ilrphasesaHpassingapoint  at 
the  same  time.  The  term  aihrroYe  ustudly  refers  to 
^atial  coheterKe.* 

PeUtrizttum 

Therairntetiim  of  ffreelertrfoaiid  magnetic  ffdds  (ie, 
thm  perfarization)  affects  the  radiation's  interaction 
withmatler.  Most  natuialsoutcescfEM  radiation  donot 
exhtbitapieforred  orientation  afr-jareffrereforeunpo- 
Urizcd.  However,  EM  radiation  can  gain  a  pcefetnd 
direction  of  cadnation  by  reflection  or  by  traiismistfon 
thna^amateriaL  I^eMaq4(vsunglamw(&polar- 
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a  T«npofaiCoh«anoa 


Hg.  15^  (a)  Toiiponlly  cohenirt  Wives  lym  kienikal  wavrienglltt,  l«t  tbcy  are  aot  mccfsaray  m  jphnr  (atigned).  (b) 
SpaiiaDy  oohcreat  waves  not  Oidy  bare  tfw  same  waveingth,  (bejr  are  abo  an  in  phase. 


izing  filters  prevent  gjUwty  blocking  horiz»»fa>Dyptf- 
lari^  that  reOectsoff  suifacessucii  ascar  hoods. 

Polaiteed  radiatkn  b  classified  aococding  to  its 
s>nicture.  Lmetr  polarizatknv  both  horizontal  and 
veitical,  oocurs  when  Ae  dectrk  and  magnetic  fidds 
osdDate  in  a  constant  plane.  lncainpaffeoo,<flijpfiQrf 
polarization  (srindi  includes  drcolar  polarization) 
occurs  when  Ae  plane  of  oscillation  rotates  about  Ae 
axb  of  Ae  direction  of  propagation.  Polarization  can 
be  modulated  and  thus  can  be  used  to  trartsmit  infi^> 
mation.  Ell^iticalpolaiizationiscoaunoclyenooan- 
tered  in  RF  radiation  work  and  is  abo  important  fa  Ae 

field  of  optics.' 

Interactiona  wMi  Matter 

When  EM  radiation  contacts  matter,  it  interacts 
wiA  Ae  atoms  in  Ae  medium  and  bdiaves  in  some 


reqwcls  lifce  a  partideand  in  some  le^rects  like  a 
wave  The  parfidefike  bdutviofs  indude  scattering, 
reflection,  and  absoqjtion.  The  wavelike  bdiaviois 
indorse  reflection,  refiacfioe,  transmiarioa  diffiao 
lion,  and  dnorption.  (Note  Aatreficctico  and  absoip- 
lion  are  characteristics  shared  by  boA  partides  a^ 
waves.)  Iheresultii^cfiectof  Aeiaoiation&nmatter 
depends  on  numerous  fadoR  including  Ae  wave- 
lengA  conyonetils  of  Ae  tidiation.  Ae  sending  me* 
diu^  the  leceivii^  medium,  Ae  polarization  ounpo* 
nenis  of  flie  ladiati^  and  dte  ai^  of  inddenoe. 

Refk^iom,Rifrwctkm,miiS€atttr 

Reflection  depends  on  Ae  unooAncss  (rf  Ae 
material's  surface  rdative  to  Ae  wavdeqgA  of  Ae 
radiation.  Anp^surfaoewiQaffectboAAexdative 
direction  and  flte  |Aase  coherency  of  Ae  reflected 


544 


Nonkmizing  Radiation 


wave.  Thus,  this  dianxleristic  determines  both  the 
amount  of  ladiation  that  is  reflected  back  to  the  first 
medium  and  the  purity  of  the  inftmiuition  that  is 
preserved  in  the  reflected  wave  (figure  15^).  A  re¬ 
flected  wave  that  maintains  the  geometrical  organiza¬ 
tion  of  the  incident  radiation  and  produces  a  mirm- 
image  of  the  wave  is  called  a  ^lecular  reflection.' 

The  speed  of  EM  radiatkm  in  any  medium  depends 
on  (fi)  its  wavdength  and  W)  the  medium's  frfiysical 
properties,  although  it  ahvam  win  be  slower  than  its 
qie^  in  a  vacuum  (3.0  X  l(p  m/sec).  The  medium's 
index  of  refraction  determines  the  ^leed  of  EM  radia¬ 
tion  flntiugh  a  q>ecificmaieriaL  If  more  than  cne  mate¬ 
rial  is  involved  in  the  passage  of  EM  radiation,  the 
propagation  direction  is  subject  to  bending,  which 
is  calM  refraction.  This  is  exemplified  when  light 
passes  from  a  substance  wifii  one  index  of  refraefim 
(sudi  as  water)  into  another  substance  (such  as  air). 


Refraction  is  the  |»Dperty  that  enables  a  lens  to  form 
images  \iy  bending  Ught'  When  paralld  rays  of  EM 
ladiation  fitm  an  object  ocmvergeafterpasnngflirough 
a  lens,  an  image  of  the  object  is  fotn^  at  the  fo^ 
point  Prescription  eyegla^es  utilize  this  principle  to 
aidtheeyeinlbcusii^on  an  imageattheretina  rather 
than  in  front  of  or  behind  it 

However,  if  the  reflection  process  fails,  then  the 
reflecting  medium  does  not  preserve  the  information 
to  produce  an  image  but  scatters  die  radiation  in  all 
directions  and  destroys  the  image.  When  radiation 
passes  through  themedium,  it  losKooherencebecause 
ofscattering.  Areflectingmediumthatfruistoproduce 
an  image  is  described  asdi^^tscamedium  that  loses  an 
image  during  transmission  is  described  as  froMs/uomf. 

The  scattering  mechanisms  depend  on  the  size  ci 
the  particles  composing  the  medium  and  the  wave- 
len^  of  the  incident  ra^tion.’  The  radiation  exhib- 
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Hg.  Whm  dectronugnetk  radiation  encountm  an  interface  between  inedia  (eg,  between  air  and  glass)  toe  incident 

beam  ylits  into  reflected  and  transmitted  beams.  The  an^  of  reflection  (t)bequalto  the  ai^  of  teddenoe  (Oof  the 
incident  beam.  The  direction  of  the  transmitted  beam  differs  from  thet  of  the  incident  bearn.  a  phenomenon  known  as 
leftactioa  The  an^  of  refraction  (c)  of  the  transmitted  beam  depends  on  the  physical  propqties  of  both  media  at  their 
interface.  Likewise,  the  energy  transmitted  through  Medium  2,  or  reflected  back  from  Medium  1,  depends  on  both  the 
physical  properties  rf  die  media  at  their  interface  and  the  angle  at  which  the  incident  beam  strikes  Medium  1. 
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its  Roy&ij/t  soaKmt;,  w^iich  is  iMHidiRctkMud  when  can  be  absorbed,  tfansferring  the  energy  of  ^radia*- 
thesizeofdiepartidesisondieoideroftheradiation's  tiontodwineditim.Forapartide,thisinteractk)nisan 
wavder^jtlL*  Thediffusionby laigerpaitidesiscalled  inelastic  cdlision.  For  a  wave,  the  wave  energy  is 
Mirscattmng,  which  is  not  as  wavdength^epeitdent  transferred  from  EM  wave  energy  into  energy  inodes 
asRayleighscattering.Thisscatteringpn>fileisdepen-  intheabsortang  medhim.  The  absorption  process  is 
dent  on  partkie  size  and  can  produce  forward  and  divided  into  categories  that  coire^xind  to  inodes  of 
badcward  scattering.  molecularcneigystofageandindudethennalvibta- 

tional  rotational,  and  electronic  inodes  Q^gure  IS-T). 
TnnsmissioM  How  energy  is  absorbed  depends  on  die  frequency  of 

the  radiatk^  the  intensity  ^  the  beam,  and  die  dura' 
The  wavdength  of  the  radiation  greatly  influetKes  tion  of  exposure, 

transmission  and  absorption  becausea  given  material  Thennalmcdesofenergystorageoonsistoftransla* 
can  be  transmissive  at  one  wavdet^d)  and  absorptive  tional  iitovement  inodes,  in  wduch  atoms  move  hori- 
atanolher.  Forexam|^,redglasstiansinitsiigltt%tfidi  zontally  and  vertical^  about  their  lattioe  points  in  a 
wavdengde  near  650  run;  it  absorbs  die  oomplemen'  iiiedtum,  arid  %dikb  is  commonly  referred  to  as  heat 

taryoolorgiieen,whichhaswavelengdisnear550nm.  Thermal  dsorption  is  common  in  the  IR  and  other 
Transmission  of  radiation  occurs  wi^  materials  lade  kxiger-wavdength  spectrums.  VHnadonal  energy 

die  properties  necessary  for  absorption.  iiiodes  consist  of  iritrainolecular  vibrations  bettveen 

component  atomsw  Rotational  energy  inodes  consist 
AJbsorptiem  ofinertialenergystoredintheorientatioaofqmi' 

ning  polarized  molecules  in  local  dectrical  fidds  that 
Absorption  is  both  particldike  and  wavdike  be-  arefniiidwidiinaomematerialsaiidcanbestiinulated 
havior.  When  EM  radiation  interacts  widi  matter,  it  byRFradiation  Etectronicmodesoonsistofdiedider' 


Fig.  15-7.  Radiation  interacts  %vith  matter  and  its  energy  is  absoriied  in  several  modes;  in  this  drawing,  v  represents  the 
incideiitradiatiofi.  (a)  In  the  thermal  mode;  the  radiation  is  dwxbed  by  an  atom,  which  then  begins  to  move  about  its  ioc» 
within  the  molecular  lattice  of  the  roediam.  (b)  In  die  vibrational  mode;  radiation  is  absoibed  and  resalts  fai  vBmrthm 
between  neighboring  atoms  witiiin  a  molecule,  (d  In  tile  rotational  mode,  energy  is  absorbed  by  polar  molecules,  vdiidi 
reorient  themsdves  idative  to  local  electric  Selds  within  the  medium,  storing  energy.  (4)  In  the  electronic  mode; 
electromagnetic  radiation  is  absorbed  by  dectrons,  raising  them  to  h^ier  orbitals,  storing  energy  that  can  be  leradiated 
when  the  electrons  return  to  their  otigiiul  energy  state. 
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ent  orintal  energy  states  to  which  dectnms  can  be 
exdted,  and  these  modes  can  produce  new  radiatkm 
enogies  as  the  cxdted  elections  drop  back  to  their 
Of%^oibita]s.  Bothdectronicand  vi^tionalmodes 
can  be  stimulated  by  visible  light  and  microwave  £M 
radiation. 

The  amount  of  eneigy  that  a  material  will  absorb 
from  nonionizing  radiation  depends  on  (0)  the  fre¬ 
quency  of  the  ra^tion,  (i>)  the  intensity  of  the  beam, 
and  (c)  the  duration  of  exposure.  The  most  imp(»tant 
of  these  parameters  is  frequency.  Microwaves,  IR 
radiation,  and  RF  radiation  can  exdte  trartslational 
modes  and  generate  heat  Microwaves  are  subjected 
to  exdte  vi^tional  inodes,  and  RF  radiatkm  excites 
rotationai  modes. 

The  intensity  of  the  beam  is  also  a  factor  in  deter¬ 
mining  how  much  eneigy  is  absorbed.  Thegreaterthe 


intensity  of  the  beam,  the  more  energy  is  available  to 
be  transferred.  The  duration  of  exposure  is  aitother 
factor.  The  longer  the  duration  of  exposure,  the  more 
eneigy  that  will  be  absorbed. 

Diffmction 

A  phenomenon  called  difiractkai  allows  EM  radia¬ 
tion  to  bend,  pass  through  small  apertures,  and  move 
arourtd  small  paitides  of  matter.  The  analler  the 
aperture  or  partide,  die  more  the  light  rays  will  bettd 
This  bending  is  quantitativdy  lefened  to  as  the  dif- 
fractionlimiL  Because  stars  are  so  distant  from  earth, 
their  light  b  almost  pe.  ecdy  collimated  and  theangle 
of  subtenseb  infinitesimaL  However,  indut  we  on 
earth  see  b  actually  a  star's  diffraction  patterns,  tdiich 
occur  when  staili^  passes  through  galactic  dust’ 


RADIOdFKEQUENCY  RADIATION 


Inl864,)amesClerkMaxwdl  proposed  mathemati¬ 
cally  that  energy  can  be  transferred  by  electric  and 
magnetic  fiddstravdii^  together  at  a  finite  ^>eed.  It 
was  not  until  1886,  hoivever,  dtat  Heinridi  Hertz  ex- 
perimentaDyprovedMaxwdTstheofyofdectromag- 
netbm.  To  accompibh  thb.  Hertz  constructed  the  first 
osdllator-liansiniiter.  Thb  consisted  of  two  metal 
sfdieres  that  nvere  each  connected  to  the  end  a  rod 
diat  had  a  spark  gap  in  die  center.  The  recehni^ 
antenna  omristed  ^a  loop  with  a  tiny  gap  cut  into  it 
Widi  thb  equipment  Hotz  conducted  expfcnu:ents 
that  demonstrated  the  smilarity  between  ra^  wave, 
and  light  waves,  ard  die  polarization,  refraction,  and 
reflection  of  EM  waves.  Aldiough  ffertz's  experi¬ 
ments  were  performed  widi  rdadvdy  short  wave- 
lengdi  radiation  (50  and  ^  megahertz  (MHzP,  later 
work  in  radio  was  performed  at  longer  wavelengths.’ 

Radio  Coeunnnkation  and  Radar  Technology 

Guglidmo  Marconi  put  the  dieories  and  experi- 
menb  of  Maxwdl  Hertz,  and  odiers  to  practical  use. 
In  1901,  Marconi  succeeded  In  estabbshing  coherent 
wireless  oommuiucationsfusifigshoit-wavdength  ra¬ 
diation}  across  die  Atlantic  Omn.  By  1907,  regular 
oommerdal  wirdess  service  had  been  cstaUbhed  be¬ 
tween  Nbrtii  America  and  Europe.  Marconi  not  only 
predicted  aid  successfiiily  demonstrated  radio  cocn- 
munication  between  continents,  he  abo  recognized 
the  potentialities  of  shoit-wavdength  radiation  for 
radar  (radio  detecting  and  finging},  the  radio  detec¬ 
tion  of  objects.  However,  he  was  unsuccessful  in 


attracdngsuppoftfordibappikatioiu  Marconi'ssug- 
gestkms  did  stimulate  some  experimental  workat  the 
Naval  Research  Laboratory,  whkh  resulted  in  the  first 
radio  detection  of  a  wooden  ship  in  1922,  and  die  first 
detection  of  an  aircraft  in  1930.  ^  1932,  equipment 
operating  at  33  MHz  was  capable  of  deteefing  the 
presence  of  an  aircraft  at  distances  of  50  miles.  How¬ 
ever,  target-position  information  such  as  range  and 
bearing  could  not  be  readily  determined.* 

FrcmMarconi'spiimitiveiadarequipment,devei- 
opment  efforts  continued  during  the  193Qs  and  19405. 
The  US.  Navy  tested  the  first  true  radar,  the  XAF, 
aboard  the  battleship  New  York  in  1939.  Thb  radar 
operated  at  200  Mlb  with  a  range  of  50  miles.  By 
October  of  the  same  year,  orders  were  placed  for  a 
manufectured  version,  die  eXAM,  and  by  1941, 19  of 
diese  radars  had  been  installed  on  major  ships  of  die 
fleet  The  army  also  conducted  research  in  radar 
devdopment  Durii^  the  1930s,  the  US.  Army  Signal 
Corps  began  effects  to  develop  radar,  whkh  intensi¬ 
fied  in  1936  when  ibfirstradarwastested.  Inl938,die 
aniiy  introduced  the  first  operational  ladarforahning 
anfiaircraft  fire;  the  SCR-268.  Thb  radar  was  used  fri 
coiqunction  widi  searchlights  because  fts  angular  ac¬ 
curacy  was  poor,  afthough  ib  lai^  accuracy  was 
supeckar  toanyoptkalmediodsinuseatdiattiine  The 
SCiR-268 was  dwstandardfirecontrdiadaruntQ  early 
1944,  when  the  SCR-5B4  mkroivave  radar  replaoed  it 
The  SCR-584 was  developed  through  work  o^ucted 
at  the  Radiation  Laborat^  of  theMassadiusetblnsd- 
tute  of  Technology.  bi1939,theUS.Annydcvdoped 
die  SC31-27D,  a  long-range,  caity-warning  radar.  Thb 
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radar  detected  the  first  signs  of  the  attack  on  Pearl 
Harlxir  in  1941,  but  these  were  ignmed  until  after  the 
homing  began/"* 

Mktowavc  Radar 

The  first  efforts  to  devek^  radar  that  could  operate 
at  microwave  frequencies  were  initiated  in  1936,  when 
two  papers  were  published  that  discussed  replacing 
conventiona]  transmission  liites  with  waveguide — 
metal  tul^g— to  operate  radar  systems  at  microwave 
frequendes.*°  Second,  a  successful  cavity  magnetron 
was  devdoped  in  Great  Britain  in  1940,  and  for  thefirst 
time  it  was  possible  to  generate  substantial  amounts  of 
power  at  microwave  frequencies.  During  that  year, 
prototypes  of  the  cavity  magiretron  were  transported 
to  the  United  States,  and  the  Radiation  Laboratory  at 
the  Massadiusetts  Iitstitute  of  Teduiology  began  re* 
seardi  and  development  efforts  in  themicrowave  field. 
Much  of  this  early  work  was  directed  toward  the 
design  of  airborne  microwave  radar  equipment  be¬ 
cause  the  miCTowave  frequeiKies  permit  relatively 
small  antenna  structures.  The  term  radar  was  first 
applied  to  a  specific  typecrfmicrowave  equipment  that 
was  used  to  "see"  electronically  by  means  erf  a  trans¬ 
mitted  radio  wave  that  reflected  from  the  object  that 
was  "seen"  (ie,  a  receiver  detected  the  reflection  and 
translated  it  to  indicatean  object's  range,  azimuth,  and 
devation).  Microwave  radar  equipment  revolution¬ 
ized  the  existing  very  high  frequoKy  (VHP)  equip¬ 
ment  By  using  the  shorter-wavelength  mkrowave 
spectrum,  the  newer  radar  devices  not  only  could  be 
made  smaller  but  also  could  have  greater  range  and 
versatility.* 

Radar  Dttiiiig  World  War  n 

The  value  (rf  radar  was  not  recogiuzed  in  the  civilian 
sectorduring  the  eariy  years  of  Wmld  War  I]  because 
its  devekqxnent  %vas  a  successfully  guarded  secret  of 
war  preparation.  Radar  equipment  was  installed  on 
battleships,  submarines,  and  in  airplanes— often 
against  tlw  wishes  ofthecommaiwling  officers.  Oneof 
the  first  and  bcst<kiK>wn  uses  of  radar  in  naval  warfare 
occurred  off  the  coast  of  Greenlaikl  in  May  1941,  in 
an  engagement  fought  by  the  German  battleship  Bts- 
imrdc  and  tire  cruiser  Piinz  Etigen  against  the  EMtish 
battlecruiser  ffottfarkl  titebattieshipfVmorqf  Mfaks.  The 
comtrumding  officer  of  the  Hbod  preferred  an  optical 
rangefinder's  readings  to  that  of  his  newly  mstalled 
radtf  (X  s  05  m)  because  the  radar  was  unable  to 
measure  distances  with  the  accuracy  required  for  the 
main  caliber  guns  to  score  hits.  Neverthdess,  the 
HaxTs  companion  ship,  the  Prince  of  Wtles,  did  use  an 


air-wamingradar  and  scored  threehits  on  theSfonardt 
after  the  Hood  had  been  sunk."  Germanyhaddevd- 
oped  a  naval  radar  in  1939  OL = 05  m),  but  it  was  tised 
primarily  for  target  search  and  had  only  limited  usefor 
fire  control  since  it  could  not  provide  target  couiseand 
speed  for  accurate  fite<ontTol  plot  Therefore  (and 
indicativeoftheprimitivestateofiadardevdopment), 
theBtmurnirdid 

...  rot  use  her  radar  for  rangefinding;  it  was  the 
stcnoscopic  rangefinders,  with  thetr  ability  to  mea¬ 
sure  accurately  great  distances  in  conditions  of  ad¬ 
equate  visibility,  that  had  allowed  thequkkdestnic- 
lioo  of  the  Hood." 

Although  the  radar  used  in  the  Battle  of  Britain 
operated  at  VHP,  it  still  provided  accurate  range  and 
traddng  data,  and  the  ability  to  fi:rdton  in  ^te  of  fog, 
efouds,  and  darkness  reduced  die  threat  from  Hitler's 
bombers.  The  introduction  of  microwave  techniques 
not  only  sharpened  these  abilities,  but  the  reduced  size 
and  weight  cd  the  equipment  and  the  extended  appli¬ 
cations  of  radar  madeimprovediadaradedsivefa^or 
in  winning  the  war. 

Until  194Z,  allied  airbmne  antisubmarine  radar, 
operating  at  a  frequency  of  approximatriy  200  MHz, 
hJKl  neutralized  the  effktiveness  of  Orman  subma¬ 
rines  in  theNorth  Atlantic  Atthattime,manyGennan 
submarines  were  equipped  with  listening  receivers 
operating  at  the  radar  frequency.  A  Gern^subma- 
rine  with  a  directional  antenna  could  now  determine 
the  direction  of  allied  antisubmarine  aircraft  and  esti¬ 
mate  their  range  from  the  strength  of  the  sigial  re¬ 
ceived.  The  effectiveness  of  allied  antisubmarine  air¬ 
craft  decreased  greatly  because  German  submarines, 
warned  of  impoiding  attack,  dived  before  the  aircraft 
were  positioned  to  drop  depth  charges.  However, 
allied  aircraft  countered  the  effect  of  the  sulnnarines’ 
listening  receivers  by  using  an  attenuator  inserted 
between  the  radar  transmitter  and  the  transmittii^ 
anteniui.  During  the  final  phase  of  attadc,  the  radar 
<^x»ator  would  adjust  the  attenuator  to  reduce  the 
radiated  signal  lev^  The  operator  of  the  listening 
receiver  in  the  submarine  would  then  note  a  decrease 
in  the  signal  strength  and  condude  that  the  aircraft 
was  moving  away,  when  in  fact  the  aircraft  was  ap¬ 
proaching  for  attadc. 

When  the  allied  forces  introduced  microwave  ra¬ 
dar,  the  German  forces  mistakenly  believed  that  scMne 
sort  of  IR  equipment  operating  on  heat  fitxn  the  sub¬ 
marine  had  replaced  the  Vfff  radar.  Because  the 
German  military  made  no  attempt  to  develop  micro¬ 
wave  listening  recehm,  allied  antisubmarine  opera¬ 
tions  increased  in  effectiveness.  By  1943,  microwave 
equipment  operath^atawavelengthofapproxiimtely 
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10  on  replaced  most  of  the  VHF  aiibome  radar. 
Germany's  Grand  Admiral  Karl  DOnitz  said,  'The 
enemy  has  rendered  the  U-boat  war  ineffective  ... 
thrDughhissupeTiority...inthemodembattleweapon- 
detectkm  (radar)."’^ 

During  the  next  2  years,  new  types  of  nKlar  were 
devdoped  including  airbome-ta^eting  radar  and 
ground-OHitroUed  approach  (GCA)  radar  equipment. 
The  airborne-targeting  radar  allowed  airborne  bomb¬ 
ers  to  accurately  locate  targets  on  the  ground  in  over¬ 
cast  conditions.  GCA  equipment  permitted  grouiKl 
operators  to  direct  an  aircraft  to  a  safe  lattding  uirder 
zero  visibility  conditions.  Neither  of  these  two  tedi- 
nologies  had  been  practicable  before  the  advent  of 
odaowive  tadan  the  required  antenna  directivity 
was  not  possible  using  small  VHF  antennas. 

SiiKe  World  War  0,  microwave  equipntent  has 
been  used  for  various  types  of  (XBnmunicatkm  systems 
sudi  as  microwave  tday  mstallations  that  harulle  tele¬ 
graph,  tdephone,  or  television  signals.  The  wide 
microwave  band  affords  significant  data-harrdling 
capacity,  offers  great  antenna  directivity,  and  requires 
r<itively  low-power  trarrsmitting  equipment” 

Physical  Panmeten  That  Detennine  Energy 
Ttansftf 

RFenergy  is  typically  traitsferredtodrebodythrough 
conduction,  coupling,  and  absorption  medunisms, 
whidr  ate  dependent  on  both  the  length  of  the  RF 
wavdengdraiid  thebod/sdistaiKefrom  theradiating 
source.  DistaiKesfrcHn  the  source  in  wavekngthsand 
their  corresponding  ttredvintsms  ate 

•  0  A.  =  conduction  (contact), 

•  0-02  X=on(p(mg  (direct  trarrster  of  a  durge), 
arrd 

•  >  02  X.sa{iso7pficm(converaon  to  internal  heat 
at  frequetKies  >  1,000  MHz). 

Omdmctum 

Conduction  occurs  when  the  body  makes  contact 
with  an  RF  source  (eg,  when  an  individua]  touches  an 
antenna  elementor  an  exposed  transmission  line).  The 
detrimental  effects  usually  associated  with  conducted 
energy  are  dectrkal  shock  and  bunt.  At  frequencies 
above  100  kilohertz  (kHz),  most  of  the  erergy  deliv- 
ered  through  contact  with  an  RF  source  will  be  ab¬ 
sorbed  within  a  few  millimeteis  of  the  RF  current's 
Havel  through  the  tissue.  In  this  case,  the  specific 
absorptkm  rates  (SARs)  involved  ituy  be  significant  if 
a  sm^  volume  of  tissue  absorbs  a  Urge  amount  of 
energy. 


Even  if  the  mduced  current  from  RF  conductiem  is 
not  sufficient  to  createathentuIin|ury,itcanstimuUte 
the  nervous  system  and  cause  a  re^rorrse  similar  to 
that  invoked  by  an  electrical  shock.  The  individual 
may  jerk  involuntarily  or  reOexively,  and  the  resulting 
movement  could  cause  an  injury  to  the  victim  or  to 
someone  nearby.” 

The  exposure  limits  (ELs)  to  control  RF  shocks  and 
bums  are  interrded  to  limit  induced  RF-current  flow 
through  the  body  for  frequencies  less  than  100  MHz.” 
From  100  kHz  to  100  MHz,  the  standard  limits  the  RF 
current  fluough  eadr  foot  and  at  the  contact  point  to 
100mA.  Thecunentthroughbothfeetislimitedto200 
siA.  This  limit  is  coirservative,  so  even  if  this  current 
enters  the  body  through  the  smallest  area  of  tissue, 
sudi  as  a  flng^p,  it  would  not  be  great  ettough  to 
produce  RF  shodc  or  bum.  The  RF  current  limits 
change  with  frequeiKy  bdow  100  kHz  (ie,  they  de¬ 
crease  from  100 at  100  kHz  to  a  lower  limit  of  <  3 
mAat3kHz).  ThisdecreasedcuTrentlimitispriinarily 
due  to  the  iiKteased  depth  that  RF  current  peiwtrates 
thebody.  At  frequencies  lower  than  approximatdy  3 
kHz,  die  penetration  is  sufficient  to  interact  with  the 
CNSatMi  odrer  electrically  seitsitive  organs  sudh  as  the 
heart  At  these  frequencies,  the  bk^og^  effects  asso¬ 
ciated  with  RF  current  flow  in  the  body  are  dearfy 
discenuUe  aird  the  physiological  efliects  are  wdl  urv- 
derstood.  They  indude  (in  addition  to  shodc  aitd 
thermal  injury)  cJectronarcosis,  ventricular  fibriUa- 
tkm,  artd  involuntary  movenrent  However,  allega¬ 
tions  of  knv-level  efrects  have  been  made  regarding 
the  frequency  region  lower  than3kHz,  with  the  largest 
duster  of  questions  presendy  centered  at  the  60  Hz 
pcnver-line  frequerKy.”*” 

Ontplmg 

An  mdtvidual  can  be  exposed  to  the  stored  energy 
fidds—atfrequerreies  lower  than!  AX)  MHz— dwitare 
preserrt  dose  to  dement  antermas  or  transmisaon 
lirtes.  The  body  will  absorb  this  ertergy  through  ca- 
padtive  or  mductive  coupfing,  whkb  is  the  direct 
traitsfer  of  a  charge  from  oire  ccmductOT  (an  anterma) 
to  another  (the  body).  Physical  contact  with  the 
source  xreed  itot  occur,  but  inductive  coupling  can 
occur  (mly  if  the  second  conductor  b  widun  0.1  to 
02A.oftheantemu  or  transmission  line.  Atdistances 
greater  than  0.1  to  02  XfrtHn  the  source,  the  radiation 
fields  dcHirirute.  The  actual  exposure  levels  aiKl 
SARs  for  coupled  fidds  ate  difri^t  to  predict  and 
measure.  Therefore,  nrost  cases  of  su^rected  RF  radia¬ 
tion  overexposure  due  to  coupling  must  be  investi¬ 
gated  using  dosimetric  measurements  on  tissue- 
equivalent  modds.” 
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The  typeof  enet^gy-hansfer  mechanism  invcdved  in 
a  suspected  overexposure  does  not  affect  the  resul  ting 
biological  effects.  Likewise,  the  exposure  standards 
desi^Kd  to  prevent  thennal  insult  wffl  remain  constant 
throughout  the  low-frequency  region,  with  this  excep¬ 
tion:  when  a  conducting  ci^tct,  sudi  as  the  human 
body,  is  {daced  in  an  RF  radiation  field,  the  object  will 
abs^  3- to  5-fold  more  RF  eneigy  due  to  coupling  if 
the  field  is  at  the  object's  resonant  frequency.  Reso- 
naiKe  occurs  when  an  object's  dimensions  approxi¬ 
mate  cme-half  the  wavdei^th  of  the  incident  energy. 
The  human  body  standing  in  a  vertically  polaii^ 
field  b  resonant  in  the  frequency  band  betwreen  30  to 
100  MHz.  For  example,  a  person  175  cm  in  height 
would  beresortarU  at  85  MHz,  where  175  cm  b05X. 
Thb  resonaiKe  exi^  because  the  body  attracts  the  RF 
current  by  acting  as  an  antenru  that  appears  to  havean 


increased  cross-sectional  area.  Asbodysizedecreases, 
the  frequency  for  lesonartce  iiKteases  (Hgure  15-8). 

The  permissible  exposure  level  (PEL)  in  the  reso¬ 
nant  frequency  region  for  humatts  (30-300  MHz)  b 
reduced  lO^fromthePELinthencHuesonantregiotL 
The  SAR  still  remains  0.4  W/kg  and  the  effects  are  still 
thermally  induced.  Only  the  PEL,  which  b  derived 
from  the  SAR,  ctianges.’* 

Absorptiim 

Thebody  will  absorb  RF  radiation  when  it  b  located 
nnorethan0.2Xawayfiromd«eradiationsource  Absorp¬ 
tion  b  the  principal  mechanism  of  energy  transfer  ^ 
frequetKiesgreaterthan  1,000 MHz.  Atlowerfrequen- 
cies,  RF  ettergy  tnmsfier  occurs  through  a  ocHiiibitutkm 
of  radiation  conduction,  coupling,  and  abSOTptkm. 


Fig.  154.  The  power  abforpIkMi  rate  b  related  to  die  complex  absorbing  and  scattering  properties  of  the  organbm.  The  rale 
of  absorption  for  mice,  rab,  and  humans  b  associated  with  the  length  and  mass  of  the  animal  such  dut  the  ntaxinnnn 
absorption  rate  occurs  at  different  frequencies.  The  absorption  rate  b  independent  of  the  intensity  of  die  incident  field  and 
bacritkal  parameter  for  cstabibhing  exposure  hmib  in  humans.  For  humans,  die  maximum  absorption  rateoccurs  around 
70  MHz.  Reprinted  with  permission  from  DeLotge  K>.  Dbniptkm  of  bduvior  in  mammab  of  three  different  sizes  exposed 
to  inicrenva  ves;  Extrapob  tion  to  larger  triartunab  In:  StiKhly  SS,  cd .  Symposhon  on  EforfnMMgiietic  FirMs  m  BMcgtoaf  ^steiii. 
Edmonton,  Canada:  International  Microwave  Power  Institute;  1979: 21^218. 


Nonionatng  Radiation 


The  PEL  at  fluencies  greater  than  IXXK)  MHz  is 
based  on  a  whole-body  SAR  of  0.4  W/kg.  This  SAR 
corresponds  to  absoiWg  100%  of  the  RF  radiation 
energy  iiKidenton  the  body  and  equatestoameasured 
powerdensityofl0mW/cm2.  For  energy  absorption 
at  frequencies  greater  than  l/XX)  MHz,  the  biologkal 
effects  ate  induced  thermally. 

The  SAR  threshold  for  thermal  damage,  even  to  the 
lens  of  the  eye,  is  considered  to  be  much  greater  than 
4.0W/kg.  ThisSARcorrespondstoabsorbtng100%of 
the  RF  radiation  energy  iiKident  on  the  body  and 
equates  to  a  power  density  of  100  mW/ctr»^. 

Direct  Biological  Effects 

TheabsorjAkm  ofenergif  is  the  keif  mechimism  by  tohidt 
EM  ndktiont^ktslhmg  ceils.  Energy  is  transfonrted 
from  electric  and  magitetic  fidds  of  radiation  into  one 
or  more  types  of  eitergy  modes  in  the  target  material 
When  translational  modes  are  exdted,  the  ambient  cdl 
temperature  rises  due  to  the  heat  generated  by  these 
nwdes.  If  the  temperature  rise  is  sufficient,  proteins 
deruture  and  a  bum  results.  Inthecaseofl«uers,the 
energy  beam  may  be  so  interrse  that  extreme  heating 
can  occur  almost  instantaneously,  resulting  in  a  super¬ 
heated  ionized  gas  (plasnu).  Asecoirdary,txrediani' 
cal  effect  of  this  ionized  gas  is  a  shodc  wave  that  is 
created  as  the  gas  expands.  Thb  shodc  wave  aird 
associated  cavitation  has  been  used  surgically  to  dis¬ 
rupt  certain  fragile  tissues  sudi  as  the  posterior  cap¬ 
sule  in  the  lens. 

Depositing  RF  radiation  energy  into  die  body  tn- 
creasesits  overall  thermal  load.  The  thermoregulatory 
system  responds  to  the  increased  thermal  load 
transfd'  of  energy  to  the  surrounding  envinnunent 
through  convection,  evaporation  of  body  water,  aixi 
radiatUKifprimarilylR).  When  the  RFradiatkm  causes 
localized  heating  of  certain  organs,  such  as  the  eyes, 
prolonged  exposure  to  this  thornal  stress  can  dir^y 
damage  that  organ.  However,  short  duratxm  expo¬ 
sure  to  RF-induced  thermal  load  willusually  not  cause 
damage  and  the  heat  will  be  dissipated.  For  this 
reason,  RF  radiation  exposure  is  not  cumulative,  un¬ 
like  ionizing  radiation  exposure.  The  biologica]  effects 
of  RF  radiation  are  thoroughly  treated  in  texdxxiks 
such  as  CRC  HmdbookofBiologktt!  Effects  ofEUctnmag- 
nelic  Fields.^ 

Bums  caused  by  exposure  to  nonionizing  radiatiori 
exposure  are  diffnent  from  convcntkmal  and  electri¬ 
cal  bums  in  that  contiguous  tissues  are  not  necessarily 
affected:  whidi  tissue  will  be  affected  depends  on  the 
frequencyofthe  incident  EM  radiation.  Forexample, 
microwaves  excite  thermal  modes  in  ivater  moleades. 


and  tissues  with  high  water  content  such  as  skin  and 
museje  are  affected  more  severely  than  tissues  widi  low 
water  content  sucii  as  feL  Th^ore,  microwave-in¬ 
duced  bums  tend  to  damage  skin  and  muscie  preferen¬ 
tially,  and  (relativdy)  spare  the  subcutaneous  fat  layer 
that  separates  these  two  structures.  Inaddition,  tissue 
interfaces  sudi  as  organ  capsules  and  fascial  planes 
tend  to  be  more  susceptible  to  microwave  damage. 

Bums  induced  by  nonionizing  radiation  also  differ 
horn  electrical  burns.  For  example,  charring  is  mini¬ 
mal  with  electrical  bums  and  is  usualiy  locah^  only 
to  the  site  of  entry.  Nuclear  streaming  (the  cdluku 
nuclei  align  along  the  direction  of  current  flow)  is 
characteristic  of  electrical  bums,”  but  is  not  a  diarac- 
teristic  of  radiation  bruns. 

The  lens  of  the  eye  is  recognized  as  the  most  sensi¬ 
tive  site  for  thermal  damage.  Studies  on  rabbits  show 
dut  cataracts  can  be  rndu^  after  repeated  exposure 
to  RFradiatkm  in  the  FM  frequency  band  (Figure  15- 
9).”  However,  the  cataract-producing  {dienomenon 
could  not  be  repi  educed  in  a  primate  modd;  it  may  be 
a  species-spedfic  {rfienomenon.  The  nonionizing  ra¬ 
diation  absorption  characteristicsofthchumaneyeare 
shown  in  Figure  15-10.  (Although  whether  cataracts 
are  induced  in  humans  1^  chronic  exposure  to  RF 
radiation  remains  an  issue  of  debate,  near-instanta¬ 
neous  cataract  formation  can  be  induced  thermal^  by 
acuteexposuretoUVlascrswithXsSbSnm.  UVlasers 
can  also  induce  cataracts  by  a  i^ochemical  process, 
but  this  can  take  as  long  as  24  hours  after  exposure.^ 
Laser  injuries  are  discuKed  later  in  this  chaj^.) 

EM  radiation  exciting  dectronk  energy  inodes  can 
cause  significant  Mological  efhets  1^  making  photo¬ 
chemical  reactions  occur.  Atoms  do  not  need  to  be 
ionized  to  react  chemically.  Covalent  diemical  bonds 
can  form  when  outer-sh^  electrons  are  exdted  to 
higher-energy  states.  For  example,  UVradiatkm  cre¬ 
ates  thiamine  dimers  in  skin  tissue,  a  process  that  is 
associated  with  solar  keratosis,  premature  aging,  and 
skin  cancer.  Because  sunlight  contains  UV  radiation, 
sun  exposure  is  a  risk  foctor  for  skin  cancer. 

Low-Level  Effects  of  Electromagnetic  Radiation 

Controvert  surrounds  the  possibility  that  EM  ra¬ 
diation  at  frequencies  between  300  kHz  and  300  giga¬ 
hertz  (C^Hz)  may  cause  harmful  biological  changes  in 
the  absence  of  demonstrable  thermal  effects.®  Ther¬ 
mal  effects  can  affect  all  body  tissue  and  are  ind  uced  by 
measurable  temperature  increases  in  the  affected  tis¬ 
sue.  These  thermal  effects  occur  at  levels  at  loist  10- 
fold  greater  than  the  officially  mandated  PELs.  RF 
environments  in  the  U£u  Army  are  rdatively  safe,  but 
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medkal  ofBcers  must  realize  that  the  eff^  can  ra^e 
horn  nuisance,  to  minor  discomfort,  to  serious  tnjuiy, 
todeath.  Serious  effects  such  as  extensive  bums  are 
obvious,  but  low-level  effects  may  not  be  so  clear  cut 
Effects  of  low-levd  RF  radia  tk^  actual  or  alleged, 
involve  temperature  increases  that  are  (o)  too  small  to 
measure,  (b)  traitdent  or  (c)  are  too  localized  to  distal' 
gulsh.^  The  significance  of  these  effects  on  healdi  is  a 
subject  much  debated  among  sdenlists,  public  health 
r^fidals,  and  various  spedahinterest  groups.  The 
mostcommonallegationsoflow'levdeffectseiicoun- 
tered  today  involve  frequencies  lower  than  3  kHz  (the 
present  lo^  lioA  of  US.  Army  exposure  standards). 
LoW'levdeffkts  have  also  been  alleged  at  frequencies 
above  approximately  3  kHz.  This  includes  low-levd 
effects  liidced  to  use  of  video  di^iiay  termiiHls.^ 
Although  thermal  ejects  are  the  basis  for  current 
RF  radiation  exposure  standards,  scientific  investiga* 
tions  during  the  196Qs  have  focused  on  effects  of  km* 
level  exposure.  Cancer,  Irirth  defects,  behavioral 
changes,  and  other  detrimental  efiects  have  been  in¬ 
vestigated  using  loW'level  RF  energy  bdow  the  cur¬ 


rent  PELS.  Theseinvestigationsindudeepidemiologi- 
cal  studies,  animal  studies,  and  other  research  etto^ 
No  conclusive  evidence  substantiates  daims  of  low- 
levd  RF  radiation  effects.’ 

Indirect  Biological  Effeds 

RF  radiation  indirectly  poses  a  threat  to  health 
through  dectromagnetic  interference  (EMI)  with  dec- 
tronic  devices  by  disruptir^  dietr  normal  operation. 
EMI  afiects  medical  perKnmd  by  causing  interfererKe 
with  sensitive  healthcare  devices  (sudi  as  electrocar¬ 
diograph  equipment,  operating-room  monitors,  or 
cardiac  pacetnd(ers),andafiectsmiIitaTypersoimd  by 
causing  electronic  weapons  platforms  (sudi  as  hdi- 
copters)  to  fail  Currently,  fiw  U5.  Am^  Medical 
Department  (AMEDD)  is  only  addressing  concerns 
associated  with  the  interference  of  medical  devices, 
specifically  from  those  EMI  sources  that  the  Depart¬ 
ment  of  Defense  (DoD)  produces  and  operates.  This 
concern  justifies  the  ongoing  evaluation  of  die  biologi¬ 
cal  efiei^  associated  wMi  the  RF  enagy  that  dim 
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d.  Viublo  ortd  Noor  Introrod 


Fig.  15*20.  (ii}  Mktowave  (MW)  and  gaouna  ray  radiation  can  penetrate  the  human  eye  with  loine  absoiptkm  fa)  an  tbwes. 
(b)  Far  ultraviolet  (UV)  and  far  infrar^  QB)  do  not  penetrate  liie  eye  at  alL  (c)  Near  UV  penetrates  into  the  anterior  portkm 
of  the  eye,  ndiere  it  can  damage  thelens  and  posterior  capsule.(d)  Visible  and  near  IR  are  focuaed  by  die  lens  onto  the  retina, 
where  they  can  cause  retinal  damage.  Ada]:^  widi  permission  from  SUney  DH,  Wolbariht  ML  tvM  Lasers  6^  CTtArr 

Clptiotl  SMmxs.  New  Yodc  Plenum;  1980. 


systems  produce.  These  evahutions  determine  sys¬ 
tem  characteristics  such  as  nse  fnne  (the  time  requh^ 
for  the  RF  pulse  to  read)  peak  intensity),  modulation, 
duration,  and  peak  amplitude  of  the  RF  radiation. 

Most  nunufacturers  carefully  design  sensitive 
healthcare  devices  (that  are  intend  to  be  used  in  a 
fixed  setting  sudi  as  a  ho^ritaD  to  operate  satisCacto* 
rily  in  conventional  RF  environments.  TheUS.Anny 
Environmental  Hygiene  Agency  (USAEHA)  is  tasked 
to  study  EMI  proMems  healthcare  devices  at 
army  hospitals.  TheUSAEHAmaintains^redalmea- 
suri^  equipment  capable  of  detecting  die  very  low 
EMI  threat  levds*  Typical  EMI  threat  levris  may  be  7 
to  10  orden  of  magnitude  bdow  the  PEL  associated 
widi  direct  biological  effects. 

ImplantaUedecttonkdevicessuchascardiacpace- 
makeiB  may  be  sub^  to  EMI-rdatedfeJiutein  certain 
RFradiationenviroimients,sucliasr)earelectromag' 
nedc  pulse  (EMP)genentors.  Most  implanted  pace* 
makers  provide  a  sdmuladng  pube  to  the  heart  only 


vd»i  the  heart's  own  pacemaker  fells  to  do  sa  Ihefan* 
planted  pacemakertnofiitoisdiebiologica]  pacemaker, 
but  the  artificial  pacemaker  is  sometimes  suscepdUe 
toEML  Fbctunatdy,  the  device's  shiddittg  arid  the 
surrounding  tissue  act  to  reduce  the  threat  of  EML 

During  1967  to  1989,  a  citizens  group  protested  die 
use  of  an  EMP  generator  diat  supposedly  posed  an 
EMI  dueat  to  implanted  cardiac  pacemakers.*  Hie 
army  and  other  military  sendees  UMd  this  generator  to 
test  the  susceptibility  of  dectronk  weapons  platfonns 
totheefiectsofEMP.  Adwioughstudyof^alleged 
direa.  was  conducted  in  response  to  the  protest  The 
results  showed  that  EMPs  can  indeed  interact  with 
irK)dan,iinplarited  cardiac  pacemakers.  Individuali 
whoworkdosetotheEMPsourceOEMItestpersoiuid) 
are  at  risk  and  require  radiation  protection  control^ 
however,  the  EMP  levds  actually  encountered  by  the 
general  public  win  not  produce  EMI  interactions. 

Present,  aldiou^  die  am^s  RF  environments 
pose  no  blown  tmoontroOed  EMI  threats  to  pacemak- 
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crs  or  similar  medical  devices,  pacemaker  wearers  are 
denied  access  to  controlled  areas  that  might  pose  an 
undetermined  threat.  SuchdevicesandsoutcesofEMI 
are  continually  evaluated  through  the  US  Army  Ra¬ 
diation  Protection  Control  Program.”^' 

Radio-Frequency  Radiation  Protection 

Every  installation  or  activity  commander  is  resporv- 
sible  for  ensuring  that  nonionizing  radiation  controls 
are  implemented.  The  radiation  protection  officer 
(RPO),  who  is  designated  by  the  commander,  usually 
nunages  the  entire  Radiation  Protection  Program 
including  nonionizing  radiation  controls.  Each  instal¬ 
lation  also  maintains  a  radiation  control  committee, 
which  meets  periodically  to  advise  the  commander  on 
radiation  hazards  and  methods  for  controlling  them. 

Radiation  Controls 

The  PELS  for  RF  radiation  have  changed  dramati¬ 
cally  over  the  past  three  decades.  Until  the  mid-19605, 
the  maximum  PEL  for  both  the  military  and  private 
ittdustry  was  10  mW/cm^  regardless  of  the  exposure 
duraliott  However,  the  increasing  power  outjmt  lev¬ 
els  of  new  radar  and  other  RF  radiation  sources,  as 
well  as  certain  tactical  requirerttente  of  the  military, 
made  compliatKe  difficult  Therefore,  the  military 
adopted  new  criteria  that  permitted  higher  exposure 
levek  for  determirted  lengths  of  time.  Levelsof  expo¬ 
sure  greater  than  10  mW/cm^  were  permitted  if  the 
average  exposure  over  a  6-minute  period  did  rxH  ex¬ 
ceed  10  mW/cm^.  In  1974,  the  U5.  Army  and  the  C- 
95.1  Committee  of  the  American  National  Standards 
Institute  (ANSI)  adopted  ttew  standards  that  related 
the  exposure  level  to  the  duration  atKl  were  more 
frequency  specific.  ANSI  Standard  C95.1-1974  recom¬ 
mended  a  limit  of  10  mW/cm^  for  frequencies  lower 
than  to  MHz.  Like  the  previous  starrdard,  ANSI 
Standard  C95.1*1974  permitted  exposure  above  the 
ELs,  provided  the  average  levd  did  not  exceed  these 
limitsforlongerthandminutes.  TheU.S.  Armyfurther 
refined  the  standards  in  1981  for  frequencies  lower 
than  lOMHz:  a  PEL  of  66  mW/cm^  averaged  overa6- 
minute  period. 

The  DoD  adopted  the  army's  current  PELs  in  April 
1987,  based  on  ^  recomnre^tkms  of  ANSI  €95.1- 
1982 Standards  Committee.”  Thesestandardsencom- 
pass  the  frequency  range  10  kHz  to  300  GHz.  They 
state  that  persomwl  should  nod  be  exposed  to  RF 
radiation  fi^s  that  would  causea  whole-body  SARof 
0.4  W/kg.  The  threshold  for  biological  effects  is  4.0 
W/kg.  Thus,  these  control  standards  are  based  on 


levels  of  direct  biological  threats. 

Derived  equivalent  PELs  that  correspond  to  expo¬ 
sures  of  0.4  W/kg— which  were  determined  theoreti¬ 
cally  and  experimentally— were  also  specified  in  the 
1987  standard  for  power  density  and  levels  of  electric 
arrd  magnetic  field  strength.  Th^  are  further  divided 
into  areas  restricted  and  iwrurestricted  for  human 
occupancy  to  conespotKl  to  a  whole-body  SAR  of 
0.4  W/kg.  These  derived  equivalent  PELs  ate  valid 
otUy  under  the  conditions  for  which  they  were  de¬ 
signed  to  be  applicable. 

Many  RF radiation  sources— ntost  radars  atrd  some 
cottununications  ^tems— can  radiate  bursts  of  en¬ 
ergy  rather  than  continuous  energy.  Thepuk-'sean 
contain  power-density  levels  far  in  excess  of  the  PEL 
But  the  PEL  is  based  on  an  average  exposure  over  a  6- 
minute  period.  Therefore,  it  is  possible  to  derive  an 
equivalent  average  power  density  using  the  formula 

6»PEL 

pd — — 

where  Pd  represents  the  power  density  levd  under 
consideration  and  t  represents  the  exposure  duration 
measured  in  minutes.  It  is  this  derived  PEL  that  is 
compared  to  the  standard,  trot  the  maximum  power 
density  contairred  in  a  single  pulse. 

A  new  ANSI  Starrdard  C.95.1  was  approved  by  the 
Institute  of  Electrical  attd  Electronic  Engineers  (KEE) 
in  1992.  This  tKWStarrdaid  maintains  the  use  of  0.4  W/ 
kg  SAR  for  calculating  PELs,  but  adds  limits  for  RF 
shodcandbum.  Thisstandaid  will  likely  beadopted  by 
the  DoD  in  the  near  future.  TheDoDhasconsidetable 
input  to  this  starrdard-setting  committee  atKl  has  con¬ 
sistently  adopted  its  recomnrendations.  The  limits  ate 
self-imposed  by  cotrsensus  agreement  with  the  fiird- 
ings  of  the  IEEE  in  the  abseiKe  of  federal  regulations. 

Attamation  of  the  Beam 

The  direction  of  maximum  radiation  of  some  RF 
radiation  sources  can  be  dunged  by  physically  turn¬ 
ing  the  anteniu  or  electronioilly  steering  the  b^m.  A 
person  standing  near  one  of  these  systems  would 
experience  the  maximum  power  density  for  otdy  a 
fraction  of  the  total  time  the  system  is  transmitting. 
Agaia  a  time-weighting  fador  can  be  used  to  derive 
the  equivalent  power-density  level  for  comparison 
with  the  standard.  However,regardIessoftheweight- 
ing  factor,  no  individual  should  be  exposed  to  an 
averagepower  density  level  that  exceeds  the  PEL  by  S- 
fold  (as  averaged  over  6  min).  This  is  calculated  by 
treatiirg  the  scanning  system  as  if  it  were  radiating  a 
fixed  beam. 
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ThnttAt^Mlvm  and  Evaluation 

The  evaltkition  of  the  exposure  potential  associated 
with  RF  radiatkm  souices  generally  has  several  steps. 
Hist,  the  USAEHA  detennines  if  the  ^rstem  is  capable 
ctf  emitting  field-intensity  levds  that  exceed  the  PELS. 
Next,  the  USAEHA  investigates  the  engineering  con- 
tids  that  have  been  irworpoiated  into  the  system  to 
leducethepotentialforexposure.  Their,  the  degree  of 
threat  is  deternrined  by  measuiir^  fire  actual  fidd 
intensitiestowhichpeisonirdmaybeexposed.  Tothis 
end,  the  USAEHA  is  required  to  evaluate  new  RF 
radiation  sources  both  toasoertaineadrsystem'sthreal 
aird  to  recommend  appropriate  en^ireering  modifica¬ 
tions  or  system  omte^ 

Emisaioa  of  Radk^Freqneaqr  Radiation 

Mirumally,  RF  radiation  emission  requires  (a)  a 
generator  or  source,  (h)  a  nreans  to  direct  or  guide  the 
radiation,  and  (c)  an  anteniu.  Most  practical  systems 
for  transniittii^  and  receiviitg  information  require 
additional  components  that  are  rdevant  to  the  wave- 
fomr,  but  this  discussion  win  be  limited  to  these  three 
components  of  all  RF  emitters. 

TheCtmerator 

RF  radutkm  sources,  or  generators,  convert  electri¬ 
cal  power  into  RF  radiation  using  tqrpropriate  tech¬ 
nologies  sudi  as  oscillators  or  magnebons.  Theradia- 
tion  requirements  of  the  system  determiiw  the  type  of 
generator  or  RF  radiation  source  u«ed.  Some  of  the 
parameters  are  the  power-ouqnit  requirements,  effi- 
ciefKy,  size,  bandwidth,  frequerrcy,  the  modula¬ 
tion  requirements.  An  osdQator  lathe  most  basic  RF 
radiatiort  source  and  awists  of  a  tuned  resonant  dr- 
curt  that  is  usually  equipped  with  amplification  stages 
andpositive-fozdbackdrcuits.  HushBicRF radiation 
generator  i»  often  used  os  tfie  input  to  other  high- 
poweraiiqriifieis.”  TheseampUfiers,suchasdieidy$- 
Iron  and  Ira  vdtng  wave  tube,  foorease  die  power  of  an 
oscillator's  output  BothanqrlifiersuseasiinPartach- 
nique—mjccting  a  beam  of  elections  into  a  vacuum 
tube— and  use  the  inpuc  from  the  oscSIafor  to  alter¬ 
nately  accelerate  and  decelerate  the  beam  at  the  de- 
siied  frequeiKy.  The  oscillating  beam  of  Sections  is 
extracted  via  an  ekctricai  conductor.” 

In  ooir  .wison,  a  magnetron  is  a  vacuum  tube  wiG) 
lesonar*  jcvities.  Its  static  magnetic  fidd  bends  the 
dectnx  >xamfroinlhecadK)detotheanode.Thebent 
dectronbeam  passes  the  resonaid  cavities  and  induces 
an  altenuting  current  at  dte  desired  frequency  for 


radiaticat  Thesegeneratofsdonotrequireanosdllat- 
ing  source  or  antplifier.” 

The  TransmissioH  Line 

OitceRFradiatianhasbeengeneratedandiiifonna' 
tion  has  been  imparted  to  the  signal  through  modula¬ 
tion  stages,die  next  task  is  toguidetheener)^  horn  the 
generator  to  an  antenna.  This  can  be  acconqrlisiied 
%vith%vaveguide,ooaxialcable,orwires.  Waveguideis 
along,  holiwconductor,thediinensiofis  of  which  can 
be  designed  to  accommodate  the  transmission  of  any 
frequency.  However,  waveguide  is  impractical  at 
frequoKies  lower  dian  a  few  hundred  MHz,  and  is 
usually  used  at  fiequendes  of  3  GHz  and  i^her. 
Coaxial  cable,  like  dut  used  for  caUe  tdevisaon,  will 
transmit  frequencies  up  to  3  GHz  before  significant 
transmission  losses  make  it  impradkaL  A  cotmear 
pair  of  wires  will  usually  suffice  fm’ RF  radiation  up  to 
109  MHz.* 

neAutenna 

lire  final  phase  in  transmittfog  RF  radiation  foom  a 
system  i$the<mtenm,adevice  used  tomakeanefficient 
tiaimtion  from  a  gi&ied  to  a  radiated  wave.  Tbe 
omplex  design  of  an  anteiuu,  whidr  has  been  the 
subject  or  nuuty  textbooks,  wQl  be  inflxienoed  by  such 
reqWements  as  size,  weight;  frequency  rang  ,  power 
output  directivi^,  propagation  tedudque  Cwch  as 
troposcatter,  lineKif-sight  or  ground  wave),  polariza- 
tio^  and  electrical  impedaiice.’ 

Ihese  requirements  explain  the  wide  variety  of 
antetuta  deserts  available  for  difierent  functions.  In 
nony  le^wcts,  the  characteristics  of  the  antenia  nre 
the  most  topoftant  aspect  of  radiation  hazard  evalua¬ 
tion.  The  anteima  will  determine  the  direction  and 
range  ot  the  radiation.  A  parabolic  reflector  antenna 
has  die  adt’anlage  of  propagating  RF  radiation  over 
long  distances,!^  to  adiieve  this,  d^  energyiscon* 
tained  in  a  limited  region.  A  nwnopole  antenna  will 
radiate  equally  in  azimuth,  but  die  ^  radiation  has  a 
shorter  range. 

MUilafy  ^ppUcadoM 

It  should  be  understood  that  maiiy  iniHtary  uses  of 
RF  radiaticn  are  not  associated  «vidi  weapon  sysleuis. 
Hor  example;  the  militaiy  uses  KF  radiation  fw  com- 
xnunication;taigetdetrctioiv'imaging;dectronicLiwn- 
teroicasuies;  therapeuiic  medical  diathermy;  indus¬ 
trial  heathy  drying,  and  hardenb^  of  mrtab;  and 
food  preparation. 
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Radio  commimication  is  used  to  transnut  voices 
and  data  between  distant  locations;  radar  tedinology 
's  used  to  detect  targets  on  the  ground  or  in  theair.  The 
military  also  uses  RF  radiation  sources  oHensivdy,  as 
electronic  countermeasures  to  interfere  with  hostile 
conununkation  or  detection  devices.  Although  the 
military  is  experimenting  %vith  high-power  sources  as 
potential  weapoirs,  the  main  apjrfications  continue  to 
be  information  gathering  and  broadcasting.  Mudrof 
the  hardware  discussed  below  b  kirown  by  a  descrip¬ 
tive  code,  from  whidi  the  user  can  determine  the 
installation,  type  of  equipment,  and  its  purpose  For 
the  most  part,  these  codes  will  be  used  to  identify  the 
equipment  and  weapons  systems- 

ItiforMMtioM  CtttkeriKg 

Ground-surveillaiKeradar,  lower-power  iadio,artd 
air-defense  radar  are  the  most  signi&ant  information- 
gathering  usesofRF radiation.^  Others,  irotdiscnssed 
further  in  this  chapter,  include 

•  mine-detection  devices; 

•  avionics  radios  and  %veather  radars  (which  are 
also  used  in  bfoadcafting}; 

•  ground-mapping  radars; 

•  navigationa2aids,trartsponders,andaltiineter$; 

•  mis^  traddng  and  guidance  systems; 

•  d^ectdassifkationand  idenbhcatiofu 

•  security  systems  and  motion  detectors; 

•  mortar  source  location; 

•  projectile  tracking;  and 

•  perscmnel  location. 

GromiSnrvntUmceRadmr.  The  AN/FPN-OOisa 
ground-control  approadi  radar  ^stem  that  b  used  to 
assirt  aircraft  bm^gs  when  weath»r  conditions  and 
visibiiity  are  poor.  It  conqtrises  an  antetma  group,  a 
receiver-ttansmittergroup,acontiol-mdkator  group, 
aitd  a  power-supply  group.  The  AN/FFN-40  trans¬ 
mitter  is  able  to  p^uce  average  power  of  180  W  in  a 
frequency  rangeof  9.0  to9.16GHz.  ThePELvWhkh  has 
the  force  of  la  w  and  is  estaUished  by  the  Occupational 
Health  and  Safety  Administration  (OSHA)  for  soldiers 
and  civilian  employees  at  this  frequency  rair^  is  10 
mW/cm^  for  continuous  exposure. 

T%vo  antermas  can  be  us^  to  obtain  both  axiimith 
and  elevation  infonxvition  on  aircraft  positions.  This 
infonrution  is  obtained  throu^  tfw  scaiuung  or  sur- 
veiOance  operation  mode,  or  tfarou^  die  precision 
operation  mode.  IndiescatuungorsumiliatKeop' 
eration  mode,  die  system  uses  the  azionith  antenna  to 
search  the  horizon  for  aircraft  Indus  scanning  mode, 
personnd  around  the  system  win  nc4beexposed  to  RF 


radiation  in  excess  of  the  PEL  because  the  RFiadiation 
can  only  be  experienced  for  a  fraction  of  the  total  time 
it  is  radiating.  In  the  pnedsion-opetation  mode,  the 
system  uses  both  anlennas  to  provide  accurate  azi¬ 
muth  and  devation  information  during  die  foul  ap¬ 
proach  of  aircraft  attempting  to  land.  In  this  mode, 
personnd  located  within  28  m  may  almost  confoiu- 
ously  experience  the  main  beam  frtm  either  antenna. 
Therefore,  in  the  predsxm  mode,  a  2$-m  exdusion 
zone  is  observed  tmmedia  tdy  in  front  of  the  antennas. 

Lom^PowerRsuUo.  SINCGARS-V  is  a  lunv  family 
of  VHF-FM  (very  high  frequency-frequency  modula¬ 
tion)  radios  for  tacti^  communications  designed  for 
simple,  quidc  operation  using  a  push-button  tuner.  It 
is  capable  of  voice,  frequerKy  shift  key,  or  digital  data 
communications.  The  foetpietKy  range  is  30  to  88 
MHz.  with  a  nominal  oufyut  power  of  5  W  and  a 
maximum  output  power  of  50  W  who)  equfyped  with 
a  power  amfrfifier.  The  antetmas  used  w^  diese 
systems  are  typical  low-gain  element  tnodds  such  asa 
monopolewh^,diesametypeusedwithcitizensband 
(CD)  radios.  Pl^skalcontactwiththeantennawhenit 
is  equipped  with  a  power  amplifier  may  cause  an  RF 
radiation  shock.  Without  the  amplifier,  the  system  b 
not  sulqect  to  control  procedures  for  RF  radblion 
protection. 

^r-Defense  Radar.  ThepurposoofdieKawkair- 
defense  ^stem  b  to  acquire  and  engage  hostile  taigeb 
m  the  air.  To  thb  end,  the  system  b  equfyped  tvith 
several  radars.  DetaiL  of  system  pcrfonniutice  and 
parameters  are  dassified. 

The  pubed  acquisition  radar  (PAR)  b  one  of  the 
Hawkraiiazs.  The  PAK  provides  information  on  the 
range  and  aziinuth  direction  of  acquired  objects  such 
asairplanes.  Range  information  b  obtained  by  trans¬ 
mitting  pubes  of  radiation  and  measuring  the  time 
for  one  pube  to  return  or  echo  back  to  the  PAR.  The 
aziiinifodirectionbknownbyobservii^foedirection 
from  whidi  the  echo  b  reoer^ 

The  antenna  b  mechanically  scanned  in  aamufo 
through  360  degrees.  In  thb  scanning  mode;  foe  RF 
radiation  Icvcb  do  not  exceed  foe  PEL  for  contfrnwus 
exponiie  due  to  the  short  duration  of  exposure  that 
pnsoniid  would  experience  during  eafo  rotation. 
However,  foe  RFradiationlevcb  in  fr^  of  foe  system 
will  exceed  foe  PEL  toarangeofl7mwhen  foe  lystem 
b  operated  wifo  foe  mediankal  scan  disabled  for 
maintenance:  More  important,  soldiers  «dio  per¬ 
form  these  rnaiiitetiance  operations  must  never  fdace 
themselves  between  foe  fe^  horn  and  foe  reflector  of 
foe  antenna;  extremely  hi^  levds  RF  radiation  are 
present  at  foe  feed  horn. 

Stabilotron  and  foyiatron  anqplifier  tubes  generate 
high-power  RFiadlirtioii.  These  tubes  can  produce  X 
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rays,  whidi  must  be  shidded  to  predude  exposing 
soldieri  who  are  wmfcing  in  the  vidniiy  of  these 
devices. 

Broudcasth^ 

In  addition  to  high-power  radio  and  satdlite  com* 
municatkms  tenninals,  other  broadcasting  uses  of  RF 
radiaticnmdudeeiectroniccount«nneasuie$,directed 
energy,  avionic  radios,  and  weather  radars. 

H^’PawerROio.  The  AN/GRC*106  is  a  high- 
frequency  (HF),  sin^e-sideband  (SSB)  radio  set 
primarily  as  a  inob&  Imk  in  a  orauntmications  net* 
work,  it  may  also  be  used  in  fixed  and  semifixed 
apf^kations.  The  AN/GRC-106  has  an  amj^itude 
modulation  (AM)  mode  to  make  it  conqiatible  vrith 
standard  AM  radio  sets,  ft  is  now  beb^  used  as  die 
basic  radio  set  ivith  all  the  newer  radio  teletype 
(RAID  configurations. 

The  RF  potver  (400  W  in  the  frequency  range  of  2-3 
MHalisfedtoandementanteruia.  The  RF  radiation 
levels  from  diis  system  win  notexceed  the  PELbeyond 
Um  from  the  antenna.  Mote  importantly,  how^A  . 
an  RF  shock  or  bum  can  be  induced  if  an  individua. 
makes  physical  contact  with  die  antimna  while  it  is 
transmttting. 

SatettiUOmmMHiartwmTermauds.  TheAN/TSC' 
93  satdlite  coininunkations  (SATXDOM)  termiiial  ocm- 
tains  receiver  and  transmitter  equipment  for  voice, 
data,  and  teletypewriter  communications  via  geosyn- 
duonous  orbit  satdiites.  The  system  is  tran^ioftable 
for  fidd  operation  widt  all  but  the  antemu  compo* 
nents  conbined  in  a  standard  militaiy  vehicle.  The 
antenna  is  a  tran^XMtaUe,  high*gain,  aperture  model 
that  is  set  up  next  to  the  vdii^ 

The  nominal  power  ouqjot  is  500  W  in  die  fre- 
quency  range  of  7  to  8  (3iz.  ^  typically  diis  qrstem  is 
operated  atamixh  lower  povverouqxit(<  too  W).  The 
maximum  power  den^  in  the  main  beam  of  the 
antenru  win  exoeod  the  PEL  to  a  range  of  1 10  m  fiom 
dieanteniu  when  transmitting  at  fuQ  power.  In  nor¬ 
mal  opentioti,  the  antenna  is  set  up  on  high  giouiuL 
away  from  devated  stmctum  and  is  directed  toward 
die  sky  to  acquire  a  satdiite  This  piooedure  wiD 
predu^ovefexpostngpersonnd  on  die  ground  in  the 
vkinity  of  the  system 

Expowne  Incidents 

The  severity  of  an  alleged  personnd  overexposure 
to  RF  radiation  determines  ^  extent  of  die  medical 
and  tcdmical  investigations.  When  overoqxmire  to 
RF  radiation  is  subjected,  the  local  medical  depart¬ 
ment  activity  must  examine  die  person  involved  and 


compktei  Special  Tdegraptdc  Report  of  SdaUd  Condi¬ 
tion  (Requirement  Control  Symbol  IRC5)  MEO-I6 
IR4D,  is  to  be  transmitted  to  the  (Office  of  The 
Surgeon  General  ((TTSQ,  Preventive  Medicine  Dhri- 
skm.  This  medical  evaluation  initiates  a  technical 
evaluation  to  analyze  the  following  RF  radiation  pa¬ 
rameters  and  incident  data; 

•  operating  frequency, 

«  antenna  gain, 

•  average  output  power  of  the  transmitter, 

•  transnis'iaon  losses  between  the  transmitter 
anddieantenrj, 

•  distanoefromtheantennatodielocationofdie 
alleged  overexposure,  and 

•  duration  of  die  exposure. 

Anodierconsideratrjndiatnuyinfhienoedieevalu- 
ation  is  die  caHbration  of  the  measurii^  instrumenta¬ 
tion.  Thestateofdieartofmeasurii^technologydoes 
not  permit  measurements  more  accurrte  than  ±  20%. 
Theiefoce,  it  is  often  necessary  to  calculate  the  mea¬ 
surement  toietance  by  caUbrating  the  mstrumenta- 
tion.  To  maintain  consistency,  calibrations  .shoiild  be 
traceaUetoNationallnstttutesofScienoeaiidTcchiiot- 
o^  standards. 

The  initial  technical  evaluation  permits  the  investi¬ 
gator  to  determine  the  maxiinum  possible  exposure 
levri  die  individual  could  have  encountered.  How¬ 
ever,  an  incident  is  not  dassified  as  an  overexposure 
soldy  because  die  exposure  level  exceeded  the  PEL. 
For  example,  the  power  density  may  beaveraged  over 
a  6-nunute  period  to  determine  if  die  exposure  level 
exceeds  the  PELbya  factor  of  5.  A  factor  19  for  safety 
is  integrated  into  the  PEL  Army  regulations  do  not 
allow  actual  exposures  of  more  than  5-fold  greater 
than  the  PEL  over  6  minutes. 

If  the  inidal  technical  evaluation  indicates  that  the 
person  could  lave  been  exposed  to  RF  radiation  ex- 
ceedii^  the  PEL  by  a  fac^  of  5,  then  (a)  medical 
personnd  win  admttiisteracomplete  medical  evahia- 
tion  but  the  only  manifestation  of  overexposure  that 
the  evaluation  1^  diagnose  is  thermal  irjuty;(fr)  the 
USAEHA  win  conduct  an  investigation;  and  (c)  an 
ntvesdgatkm  report,  wiikhiiicludes  thefoQowingcom- 
ponents,  win  be  published:  on'Siteinterviews,evalu- 
alkm  of  the  radiation  source,  measurements  at  die 
incidentciteforatasimilarstteusiiigdiesaraecquip- 
meni\  consideration  of  odier  evidenoe  to  establish  ^ 
extent  of  die  mrerexposuie.  Mid  recominendations  for 
improving  defidetides  <n  die  Radiation  IVotaction 
Ptrogram. 

The  following  incidents  of  alleged  exposures  were 
selected  to  demonstrate  the  investigation  process  from 
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start  to  finish.  Most  exposure  investigations  do  not 
proceed  beyond  the  initial  frfiase:  determining  if  an 
overexposure  could  possibly  have  occoned.  l^ually 
investigations  find  that  the  field  intensity  was  not 
ezcessme  (S-foId  greater  than  the  PEL)  or  the  duration 
of  exposure  was  too  short  In  the  first  case  study 
de^cribed  bdow,  an  overexposure  was  determined 
not  to  ha  ve  occurred,  but  this  f^  could  only  be  deter¬ 
mined  after  full  investigation.  In  tiie  second 
study,  an  overexposure  to  RF  radiation  did  occxir  and 
was  investigated  fully  by  the  USAEHA.  Interestingly, 
in  the  first  case,  RF  radiation  exposure  %vas  alleged  to 
be  re^>ottsible  for  an  actual  injury,  t^iereas  in  the 
second  case,  no  discemiUe  injury  was  found. 

CuteStedyl 

One  RF  radfotion  exponra  incident  kwoivod  a  aoietor 
amUng  near  a  high  power  Xjminalor  radar  (HIPIR)  uni 
that  waetraciang  aircraft  (Hgure  15-11).  The  soldier  wae 
diaineniBng  a«enl*!5ta40mfromthe  HtPffl  when  he 
reported  feeing  locaizad  heating  on  hie  back.  Aelhe 
soldier  turned  around  to  rSeoem  the  heat  source,  he  no- 
ticed  the  HIPIR  directed  toward  him.  Immedletety.  he 


enterud  a  nearby  equipmeni  eheltor.  which  put  toe  HIPIR 
out  of  eigMftouemaiiiiig  toe  soldier  feel  safe).  Theeoldtor 
soon  began  to  nolioe  sunbumMre  reddening  on  toe  backs 
of  hie  amte  and  on  hie  upper  back. 

Altoough  toe  eokfei'e  commandtog  officers  dkf  not 
dkect  him  to  a  tiwdkai  tiKiily.  he  laier  vieiled  toe  metalla- 
bon  hospital  for  treatment  of  toe  burned  areas  and  toe 
gerrerat  uncomfortable  feeing  he  waasitpenencing.  The 
burned  areas,  deecttoed  at  superficial  bums,  were  1  aw^ 
on  toe  ami  and  3  cni^  on  the  upper  back.  Therewasno 
generalzadeiytoama.  Al  vital  signs  were  normal  arid  toe 
solder  was  releuad  after  being  treated  with  Sivadtoe 
oMment  (a  1%  suepenaion  of  silver  suNadtozine  in  a 
hydroplaicbaee).  The  hospital  crealedaM£0-16ieport  of 
toe  occupational  injury  bacauae  RF  radMbon  was  a  pos- 
atotocauae.  (AR 40^00,  Adiard AtoiMttiatiiori, requkas 
this  report) 

[The  actual  medteal  records,  which  would  have  told 
exactly  stoat  physical  signs  were  praaent.  were  not  avei- 
able  for  tols  case  rapotl  Medical  officers  migN  askfa)  if 
ttw  bums  were  first,  second,  or  fitird  degnee,  or  (b)  if 
locafced.raaierfirengenerafaed.eiyihemawereprea^ 
The  uae  of  Sivadtoe  suggests  that  bulae  characterislic  of 
second-degree  bums  srere  present,  but  if  so.  file  lack  of 
eryfiwma  would  be  moat  unusuaL— Eds] 

toad(fitioototoeinitielme<ficalexamtoatior>s.toeOTSG 


ng.  IS-IL  The  t%h-pow«r  iUutninator  radar  (HIPflU  is  an  acquaitjcn  radar  of  toe  Hawk  atr-dcfeiw  tyvim. 
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I 

i  iiquirttdlhrtli>tgAEHAcoiKitg*«lnw«tligtlwno{tfi8 

drouimtiow  lunoundlnB  Itw  Incident  This  ImAtflgt* 
I  tioa  which  mt»  pwfonnsd  wWHn  wmti  mwsfci  of  ths 

incidsnt  ktcfcided  M  *  dstsonimflofi  of  tho  RF 
ladkiMon  lOMis  to  which  ths  soWter  may  hav*  boon  ex* 
poMd.  (h)  ttw  duration  of  any  RF  cKMion  expoaure.  and 
(c)  the  poasiiit  biotogicai  alfocts  resuMrip  from  an  RF 
rwMion  axpoaura.  The  initial  avaluatton  was  conductod 

VHi  UMpnOiiw  inipnnsws*  tfiv  p^WsWifliy  iifiiJVjQS  inoi* 

catsdMwdthainaximumRF radiation  laxals  that  ihaaoiaaf 

Shows axparianoad  wars betwaan  110 and  ISO mW/ 

.  Howatar.ttia  actual  axpoauta  duration  could  not  ba 

[istarmiml.  DarariaalhaTfBtiatinnttvaiiaifrnacIsdtha 

pe.  by  mora  fwn  540id,  tha  t^AEHA  Mbaiad  a  (ul 

mvaaapBon  Of  wia  sKDini,  ncoMmg  a  VKJ 10  no  mcKSatK 

locaiion  to  obtain  frw  aciual  powoT'donoily  maaauramards. 

The  itwaoboadon  taam  who  ware  diaoatchad  to  ttia 

incidofltaitaconoistod  of  madfcol  and  anoktaarltiB  person* 

noL  ThatoamoonfuctadaxtansiMinlsnriowswidiparson* 

noi  aoaociotad  with  tfw  opandion  of  tha  at  the  tbne 

of  Pia  bicidoni,  ti<o  aoldiof  who  aloBadly  was  injured  by 

radoiion  from  die  HiFtR,  paraonnai  odio  ware  wotidnQ  with 

tha  aoUar  at  tha  lima  of  Cm  Incidont.  and  hospital  persoTh 

noi«d)oaxaminad1hao(;:diar.  TEtasa  inisfvisws  MiNnpl^d 

to  GiMia  M  ))jcHir»  of  lh»  airro^ 

« — »-> — ^ 
piOWk. 

in  addbion,  itia  tsom  enginears  conducted  mnaMira' 
manis  of  lha  actual  RF  radMon  li^uols  at  35  to  40  m  from 
tfieHiPiRaouxa.  FiguralS-ISahowadteralattvaposi* 
tiono  of  tha  Hirw  and  tfta  lonL  Tha  meaaurod  vohios 
agraad  «Mh  Ihoaa  ffia  inidol  evoiutfion  prsdcted.  The 
taam  also  datarminad  itot  tha  HIFiR  waa  in  a  fracUng 
modaafthalimacftiainctdant.  Whan  a  KIFiR  iotas  iia 
targst.  tha  radar  wil  oooat  (oontinut  in  tha  same  dfracbon 
wNh  tfia  sama  vtlocfcy)  in  an  attampt  to  taaoqufra  the 
targat  dthaHfftR  does  not  roaoquiratiatargat  within  a 
law  aaoonda.  ttia  radar  wR  ratum  to  ba  primary  targat  (dw 

Oy  ViV  Op^^ROf  Jf  VI  inip  IRv(vviC9o 

wwa  ofwoy  from  dia  tent  It  it  dial  dia  aoWar  was 
anpoaad  to  dia  main  baamotdiaHIPtR  during  this  coaadng 
furiedon. 

TTia  bwaatigaiion  taam  datarminad  dwt  no  RF  raifiaGon 
ouaraxposura  had  occunwd.  Tha  PEL  b  tha  fraquancy 

fWipv  Of  ww  nirin  It  10  iTfff/ciw*  Hfltn  tvoragM  OVtfo 

rnbutat.  Tha  durafcn  ot  dia  ai^oauta  oouM  not  haws 
aaoaadad  a  taw  aaoonda.  Tharafora.  diaaoiidarwaanoi 
axpoaad  to  RF  fadUbion  b  txcaas  ot  tha  PEL  Thabum 
may  hava  baan  cauaad  by  anothar  hast  aouioa  ouch  as  tha 
aun.  Tha  aanaadon  of  hast  from  dwRFanargy  may  hawa 
aKOoartialad  tha  aohlar'a  bjuryt  but  dU  not  causa  b. 
ittvtnntiiita  untiivXNiztQ  ptfvrinii  wii  noi  nt  ptffnir 
ltd  wihto  fit  RFftdMoniWiM  ranQS  ftUblifitcf  fortot 

MHUA 

i^RTseF 

ThaaoUbrcondnuadtoraporitadgueandchactpaitie. 
A  aariaa  of  axambalonB  bdodbg  Mr  finedan  taste, 

CtOOR  OOUtItiy  ptwWOrltfy  rKOT*CVQbi  j0tlly  tnO  vPtVOBc^lVC 

sxambaiona  war*  conduelad  oxer  tha  naxfSmontia.  M 
thaaaasiminatkimfoundnoabnoRMlilaa.  T  stararimln 


Hfr  1S-I2.  During  a  training  cotfdpc,  the  operxlori  of  tht 
idghf«twcT  ilhnidnstor  ndar  (HIPIR)  were  tnddng  sir* 
03^  near  a  local  aiiport  The  air  aasanlt  (AA)  tent  was 
located  between  the  airport  and  the  HIFIK.  After  the  radar 
had  attempted  to  reacquiic  an  aiicait  that  had  descended 
briow  die  line  of  s^^  it  automatically  retumed  to  its 
pteasaiipwd  primary  target  lirwiPTU,  away  from  die  tent 


ationa  bchtdad  im  aiactfoancaphaiogram  (EEO)  and  a 
compidacl  tomography  (CT)  scan.  Thaaa  axambadona 
atsofouxJnosbrwnialbiaa.  ThaallandingblaniWrao* 
ommatxiad  laouiar  nauroloaicai  avakradona.  which 
found  no  abnormaidee. 

OtseShUfyZ 

Anothar  RF  radbdion  axpoaura  bcidatd  bvolvad  two 
aofdwrs  patlorming  mabtananca  oparadona  on  a  HIPIR, 
Thay  wars  attempting  to  datarmba  why  tha  antinna*a  arc* 
daiaclorciyiial— iocatad  baidathatranambtarhoueing*- 

fipMMj  vUmOO  OMIf  ffiWV  mO  nMHT  WBV  IfOnMIMHiiy, 

tha  tpioaoidbraramowaddiatrarwmbtif  housing  covar  and 
pieualyarmmbadtna  baida.  Aftarnavbgaxaminaddia 
baida  for  10  iTrinutaa.  dwv  nedcad  diat  a  rMd  pmvaoulda 
was  DoaMonad  bcortacdx.  Thav  ahul  off  tha  radar  to 
ranwpa  dia  atbaipia  narlaalrt  ha^  MsainMp  ttoonhir* 
that bapacdonafiarramowbg  dia  asaambty.  thay  found  dia 
aourcacifdiaiapaatodirysiatbisnoib:  aascdonofltoxlila 
annaguida  diat  tranalsis  high’fwwar  RF  radtodon  to  tha 
antenna  had  baan  aavarad  (Rgura  15'13). 

WMhb  hours  ot  dfacovaring  ffia  savatad  wavaguidB,  tha 
two  aoWara  bdspandarffy  ragoitad  nauaaa  and  gsnaral 
msiaiat.  am  dwyraportaddia  incidsnt  to  tha  RPO.  Tha 
RPO  uaad  an  RF  tadMon  mslar  to  affampl  to  datarmba 
tha  achtoi  poarar'^fsnaily  lavaia  to  which  tha  aoWars  may 
hava  baan  aitpoaad.  Tha  maiwuiad  lavals  aaoaadad  dw 
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Fig- 15-13.  There  is  no  \'Kibie  mdication  that  RF  ridubon  »  bring  ermtled  by  se^'cied  or  cracked  waveguide 


100  mW/cm^  Innt  of  the  meter,  and  therefore  the  RPO 
requested  the  services  of  the  USAEHA. 

On  the  day  after  the  incident,  before  the  USAEHA 
investigatnn  team  arrived,  the  sokhers  received  ophthal¬ 
mic  examinations.  The  exa.TtnatK>ns  included  tests  for 
visual  acuity,  a  $l<ttamp  evaliation  of  the  crystalme  lens, 
ophthalmoscopy,  and  an  mtraocutar  pressure  test.  The 
examinatians  revealed  no  abnormalities  m  either  of  the 
soldiers' eyes.  The  soMiefs  also  reported  that  their  mitiat 
nausea  had  subsided 

The  USAEHA  medical  and  engmeermg  mvestiQation 
teamconducted  an  investigation.  They  ntemewed  the  two 
soldiers,  the  RPO,  and  medical  personnel  at  the  mstaXa- 
lion  In  addition,  they  measured  the  actual  power-density 
levels  n  the  regions  where  the  soldiers  were  trouble¬ 
shooting.  The  RF  radiation  levels  ranged  from  50  mW/cm^ 
to  250  mW/cm^.  Assuming  that  at  least  the  minimum 
exposure  level  was  experienced  for  a  maximum  of  10 
minutes,  there  is  no  quesbon  that  the  soldiers  were  ex¬ 
posed  to  RF  radiation  more  than  5-fold  greater  than  the 
PEL  (10  mW/cm^) 

The  pnmaiy  recommendation  of  the  investigation  team 
was  to  test  the  H1PIR  to  determine  why  the  flex.-ble 
waveguide  section  had  broken.  (Th*s  apparentty  not 
the  hrst  tane  the  waveguide  had  broken  in  this  manner ) 
The  investigation  team  also  recommended  that  mamte- 


nance  personnel  should  always  perform  visual  inspections 
around  the  transmitter  housing  with  the  power  to  the 
transmitter  turned  off. 

The  Radio-FmiaeiKy  Radiation  Protection  Program 

The  installation  or  activity  RPO  is  rc^ionsibic  for 
assuring  that  a  comprehensive  Nonionizing  Radiation 
Protection  Program  (NRPP)  b  hnpfcmentcd  in  accor¬ 
dance  with  U5.  Army  regulations.  The  NRPP  for  each 
installation  or  activity  should  include  the  specific  sys¬ 
tems.  environments,  and  controb  involved  at  the  in¬ 
stallation  or  activity.  Most  programs  contain  elements 
In  common,  including  (a)  inventories  of  RF  radiation 
sources,  (W  engineering  controb,  (c>  administrative 
controb,  (d)  trainirig  programs,  and  (r)  emergency 
procedures.  No  personal  protective  equipment  (FPE) 
b  used  by  DoD  for  RF  radiation.'^ 

iHventorirs  of  Radio-Fre^matof  RaJimtion  Sources 

The  installation  RPO  and  thc<iciivities  that  operate 
the  RF  radiation  sources  must  maintain  inventories  of 
alt  RF  radiation  sources  (with  their  correspondmg 
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threat  clasaiBcatkms).  Imn  these  inventories,  the 
RFO  can  recommend  appropriate  engineering  and 
admiiUstntive  controls  to  curti  exposure. 

EMpneermg  Controls 

Any  device  or  method  that  modifies  the  design, 
constnjctkm,  or  operation  of  the  system  to  prevent 
undestred  radiation  is  considered  to  bean  engineerii^ 
control  Thbindudessaf^inteilocksdutareinoor* 
porated  into  a  ^stem  to  prevent  its  operation  under 
less-thanHiptimum  oonditkm&  Eitgineering  centred 
restrict  radiation  levels  and  radiation  zoites  through 
methods  such  as  warrting  sirens,  flashii^  wamii^ 
lights,  built-in  dummy  loads,  azimuth-  and  devation- 
limiting  switches,  couplers,  and  attenuators. 

AimMttntipe  Controls 

Physical  barriers  (sudi  as  fences,  warning  signs, 
l^to,  or  alarms)  that  identify  the  radiatkxwxmtrol 
area  at  its  perimeters  and  access  routes  aneadnunistra- 
tive  controls.  They  are  used  to  predude  individuals 
firomRF  radiation  exposure.  Administrative  controls 
refy  on  dw  individual  to  ensure  hb  or  her  own  radia¬ 
tion  protection.  Standing  operating  procedures  €CKb) 
aredevdoped  to  inform  those  wiio  use  the  system 
aboutRFcontrdprocedures.  Wamii^rignsareplaced 
around  thedevke  to  further  remind  users  of  the  poten¬ 
tial  for  exposure. 

Tntdth^  Pngnuns 

The  personnd  who  should  receive  radiatioR  safety 
training  include  aD  those  responriUe  for  operating, 
maintaining,  or  repairir.gRFradiation  sources  that  are 
capaUeofemittir^fevdsatorexceedingthePEL.  This 
tEaming  should  be  conducted  wlien  an  fadividual  is 
first  emjdoyed  and  annually  thereafter.  The  RPO 
sboold  rnaintain  a  record  oontelning  a  brief  outline  (tf 
die  instructions  for  eadi  traino^  session  and  a  list  (rf 
individuals  who  received  dietraining.  Trainingses' 
sions  should  indude  instruction  concernir^ 

•  exposure  potential  associated  with  speofk 
pitees  equipment, 

•^biological  eff^  associated  with  overexpo- 
-stnc  to  power  dertsitv  levds  exceeding  the 
-'PEt, 

••jBoper  use  of  protective  equipment  and  de- 
\vica  siidt  as  harriers,  signs,  arid  lights. 
•'nKddent-feporthig  procedures, 

'•uoadne  radiatiofvsafiety  surveys,  aitd 
-*;pKicedure$  for  mairitafoirig  an  operadonal  log 


for  recording  radiation-safety-related  events 
(sudt  as  radiation-zone  viobdons  or  overrides 
of  warning  signs  or  safety  interlodcs). 

Emttgency  Procednre* 

Specific  itaiividuals— designated  in  writmg— will 
be  notified  in  the  event  of  an  emergency  (such  as 
equipment  malfunctkms  or  alleged  overexposures) 
that  involves  RF  radiation  levels  that  posriUy  exceed 
thePEL  Aiistoffhosetobenotifiedshouldbeposted 
in  contrtd  areas.  The  individual  so  designate  will 
report  the  circumstances  of  the  emergency  to  the  in¬ 
stallation  or  activity  RPO,  who  will  determine  if  an  RF 
radiation  eqxxure  5-fold  greater  than  die  PEL  has 
occurred.  IftheexposuredidexceedthePELby5-fold, 
die  OTSG  win  request  dut  die  USAEHA  conduct  an 
on-site  invesdgatkm. 

The  OISG  win  also  ensure  that  potentially  exposed 
mdividualsreceiveanapproprkitepiedical  evaluation 
within  24  hours  of  the  Indd^  and  win  devdop  and 
transmit  an  RC&hfED-16  report*  At  a  minimum, 
thb  examination  win  include  an  ocular  exainmation, 
which  consists  of  the  fotlowh^ 

(1)  <>cuUr  histofy,  with  em}4u$i$  on  previous  eye 
h^nry  or  disease  and  nmiication  use  (e^iedaUy 
any  photosemi  tiring  medicatioM). 

(2)  Distenoe  visual  acuity  (with  conection)  in  each 
eye.  If  the  oometed  distance  visual  acuity  is 
poorer  than  20/20  in  either  eye,  a  refraction  win 
beperfennedtooterintheb^conectedacttily. 

O)  AmsfergridorsimSarpattemwinbeuscdtolcst 
macular  function  for  distortions  and  scotomas. 

(4)  A  shtianq)  examination  of  the  lens  and  comet 
andanophdialcKMoopicexaBunationoftheTuii- 
dus,  both  with  a  rapidly  acting,  shoct-dniation 
mydriatic  (eg.  tropicamkie)  unlcM  the  use  of  a 
dating  agent  is  contirindicaled  by  medkalto- 
toty  and/or  profesaiowd  jtidgieiiient  The  foi- 
kliring,  as  a  minimum,  are  io  be  recorded: 

(ff)  PtescnccorabMnceofopacitKsmthemedu. 
d)  Sharpneisof  the  outline  of  the  optic  nerve 
bead. 

(c)  Cuptodiskratia 

GO  Ratio  of  the  size  of  die  retinal  arteries  to 
retina}  veins. 

(r)  Presence  crabwnoeteawriB-definedmatqU. 

(fl  Presence  or  afatence  of  a  fovea!  reflex 
fy)  Any  retinal  abnormality,  however  small  or 
subtle. 

(h)  A  color  fundus  photograph  (the  preferred 
method)  tisst  indudes  the  optic  nerve  head 
and  macula  may  be  used  in  ptact  of  <b) 
through  (j)  abo^** 
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LASEXS 


LasertedmologydevdqMdtnasequenoethatinte- 
grated  the  findings  of  both  thtofetical  and  experimerH 
tal  investigators.  When  he  stated  hb  theocy  of  the 
hydrogen  atom  in  1913/  Nids  Bohr  first  proposed  his 
contentions  that  atoms  could  (0)  exist  in  discrete  en* 
ergy  states  and  (h)  radiate  light  of  wdl-defined  fre- 
qucTKiesintransitionsbetweentheseenergystates.  In 
1917,durii^  the  course  ofatiieoietka]  investigation  of 
Uackbody  radiation,  Albert  Einstein  shoived  that  a 
tiiiid  process,  stimulated  emieion  of  radiation,  was 
necessary  to  account  for  the  observed  form  of  tire 
UacUxxiy's  radiation  spectrum. 

The  fi^  of  ekctronics  and  the  extension  of  avail¬ 
able  sources  of  radiation  in  the  RF  region  devebped 
steadilyduringtiiefirsthalfofthe20tiicer)tury.  Inthe 
visible  auid  IR  regions,  horvever,  no  similar  exteitsion 
occurred  until  1958,  udien  ktvnvledge  and  technolo¬ 
gies  began  to  proliferate  (Exhibit  15-1). 

Thecurrent  invettlory  of  fielded  laser  systenrs  in  tire 
United  States  military  consists  ptimarily^tiuee  types 
of  lasers:  (l)ruby,(2)neodymiurtr:yttriumalurrunum 
garnet  (Md:YAG),  and  O)  gallium  arsenide  (GaAs). 
Prototypes  of  military  laser  rangefinders  were  devet- 
oped  durit^  the  196Qs:  a  ruby  laser  ttwunted  on  tire 
^^1A1  Sheridan  vdiide  was  fidded  in  the  early 
1970s,  foQowed  shottiy  by  arurtiter  type  of  ruby  laser 
rangefinder  that  was  fielded  on  tiie  M6QA2  missile¬ 
firing  tanL  During  tire  19005,  tiie  Nd:YAG  laser 
rai^efindcrs  arkl  target  desigtutors  were  fidded  in 
infiuitry,armor,attiIIety,andaviationunits.  Thethiid 
type  of  laser  systeirr— the  direct-fire  simulator,  whidi 
uses  tiie  luminescent  diodes  of  GaAs— was  fidded 


EXHurris-i 

nOUiaiATiON  CFLASERTBCHNOUXnr 

ToiwitssidSd»w>(iwshovmttiwtearibBityof<ycr- 
atingamaserUmaowaveaaiptificaiicn^4lifntt- 
iated  emisaion  of  radiation)  in  the  optid)  onmoIR 
region  in  1958. 

SchawlowpropoMdtheqseofratyasaliiBi  masniat 
in  196a 

Mianan  repotted  the  first  operating  laser  ariagniby/  ‘ 
as  tile  madEniai  in  196a 

)avan,3er>nclUadHcniottsoocasfttlydeoionttrated 
an  operational,  coRtiRsoos  gw  laser  in  1961 . 

Keyesand^astditooveredhighlycfBriBitlianiws 
cent  diodes  of  giffiom  arsenide  (CaAs)  in  1962. 


during  the  eariy  19605.  These  were  devdoped  to 
provide  more  rndistic  training  in  the  use  of  direct-fire 
weapons. 

Specific  Properties  of  tasen 

Lasers  aresources  of  nonionizingradiation  tiutcan 
operate  in  the  IR,  visible,  and  UV  regions  of  the  EM 
radiation  spectrum.  Laser  tedmology  utilizes  three 
basic  con^wnents:  a  lash^  medium,  a  pumping  sys¬ 
tem,  and  a  resonant  optical  cavity.  Although  onty 
these  threecomponentsare  necessary  for  lasing  action, 
other  cociponents  sudi  as  lenses,  shutters,  and  mirrors 
can  be  ad^  to  the  system  to  change  the  ou^t 

The  fundamental  jtiiyskal  process  in  theilasing 
medinm  is  tiie  stimulate  emiseion  of  photons  (dis¬ 
crete  bundles  or  paitides  of  eneigy),  whkh  teipiires 
that  (a)  tfaepaitides  of  the  medium  be  in  an  energetic 
slate  and-capabie  of  photonic  emission,  atid:(fc)‘the 
emisBan  rmist  be  stiniulatod  (a  ]tiioton  interacts  with 
an  atom,  triggering  an  energy-state  collapse;,  which 
allows  another  photon  to  be  released)  (Rguie  15-14). 
Stimulated  emission  difiers  from  spontaneous  emis- 
sion,  which  permits  the  psrtide  to  collapse  to  a  lower 


Rg.l5-li.(a)SpoiUaweDas<mi»iionocanswfaenaocxdted 
system  drops  So  a  tower  energy  state  and  emits  a  photon, 
‘^prooeseoocarsbyitseiiandtiied^eiiifigphatonliaa- 
i»ptefeiwddtrection.(b)S«imMlatederaisstopoccursafter- 
odliston  with  a  pbolott.  The  tin>  entitled  photons  leave  in 
cxactiy  the  wmerfaffctkia  and  with  tig  same  ginigy. 


Nmkmaing  KMdiotkm 


a 

f.  o 

P  o  o  o  o  o 

^  o  o  o  o  o  o 

c  O  O 

Bg.  15>15.  (a)  A  normal  dcctronk  population  distribution,  where  the  ground  state  G  is  die  most  populous,  (b)  An  riectronk 
population  invent  occurs  when  the  eKdted  state  £  becomes  more  populous  than  the  ground  state. 


enogy  and  emit  a  photon,  but  in  a  random  direction. 
Laser  operation  requires  that  eadi  of  the  i^iotons  re¬ 
sulting  from  stimulated  emission  amplify  the  radia¬ 
tion  stimulating  two  odier  photons,  and  so  forth. 
This  amplification  depends  on  die  preexistence  of  a 
condition  calkd  popidaHott  itwmkm  (more  dectrons 
exist  in  the  exdted  than  in  die  knver^enetgy  state) 
(figure  15-15).* 

When  matterabsorbs energy,  population  inversion 
canbeenooutaged  by  special  techniques  such  aspwmp- 
trtg.*  Several  difrierent  systems  are  available.  Optical 
pumping  uses  a  Strang  source  of  lighL  sudi  as  a  xenon 
flashtube  or  anodier  laser  (usually  a  shorter  wave- 
lengdi).  ElecfroR-oaf/iumpumpingtsaocomprfishedby 
passn^andectrkcurrem  through  thelasii^  medhtm. 
Chmiad-rvodim  pumping  ts  bued  on  the  energy  re¬ 
lease  dat  occurs  during  die  formation  and  breakdown 
of  diemkal  bonds. 


A  mirror  at  eadi  end  the  lasing  medium  frrnns  a 
resonant  (^Hical  cavity,  whidi  permits  a  beam  of  light 
to  be  reflwtoi  frrom  one  mirror  to  the  other  (figure 
15-16).*  Lasersaiedesignedsothatasthislightpasses 
throughdielasii^  medium  many  dmes,thenumber  of 
emitted  p^iolons  (stimulated  emission)  is  anq^ified 
ivith  each  passage.  Qneoftheseminoisisonlypar- 
tiaOyrefieedve;  thus  allowing  part  of  the  beam  tolave 
the  optica)  cavity.  This  is  die  laser  beam. 

Tlie  requirements  for  die  construction  of  a  laserare 
few  and  die  means  ofadueving  these  requirements  are 
numerous.*  Many  nnaterials  can  act  as  laser  media 
provided  a  proper  stimulation  system  and  a  means  of 
gainexist  The  lasing  medium  can  be oooiposed  of 
otgankor  inorganic  mateiialsmany  of  diefbiir  phases 
of  matter  (gas.  liquid,  solid,  or  plasma).  It  can  be 
ponqxd  into  energy  states-through  dectrical 
disdiaige^  flasldamp  disdwuge.  diemical  reaction. 


The  bttk  cmixmniu  of  a  canMiioa  IsKT  atciiide  a  betag  oedwm  (or  cavRjr)  with  s  imicired  dmctiM  ofpopftiMii.  m 
«aialioasoiacetocreaua|«piilaiioBuivm»ci».aodiHtiTorsioawplityitK:hacrhMre. 
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electron  injection,  and  RF  stimulation.  Laser  emission 
in  some  sykems  is  Bxed  at  certain  wavelengths,  while 
the  output  from  other  systems  is  tunable. 

Direct  Biological  Effects 

The  Iwlogicai  effects  associated  %vith  exposure  to 
the  laser-optical  region  of  the  EM  radiation  spectrum 
involve  the  skin  ai^  the  retina,  leits,  cornea,  and  con¬ 
junctiva  of  the  eye.  The  mechanism  of  injury  for  most 
effects  is  either  photochemical  or  thermal;  scnne  au¬ 
thorities  believe  that  these  injury  mechanisms  are  not 
urrderstood  fuUy.*^  Thermal  effects  predominate 
from  the  long-wavelength-end  of  the  visible  regiorr, 
toward  the  microwave  etkl  of  the  spectrum.  Photo¬ 
chemical  effects  usually  predotnirute  in  the  UV  and 
short-wavelength-light  region,  where  photon  ener¬ 
gies  are  greatest  {See  Chapter  8,  Conserving  Viskm, 
for  additional  discussion  of  laser  injuries  to  ^  eye.) 

Because  the  ruture  and  degree  of  injuries  vary  with 
wavelength,  it  is  useful  to  confer  the  effects  in  the 


seven  optical  spectral  bands  that  the  Intenuttional 

C(Hnmis^ononniummation(C(>mmtssK)nfRfrn»fNinale 

dfr£claintgf,ClE)hasadopted(Rgurel5-17).  Actink 
UV  radiation  CUV-C 1100-280  nml  and  UV-B  t28B-315 
tun],  which  produce  photodtemkal  changes)  duuac- 
teristkally  produces  erythema  aitd  photokeratitis 
(wdder's  flash).  UV-A  can  also  produce  these  effects, 
but  to  a  far  lesser  extent  Unl^  the  exposed  iitdi- 
vidual  is  also  being  treated  with  photosensitizers, 
which  make  him  or  her  more  sensitive  to  UV-A,  expo¬ 
sure  to  UV-A  (eg.  from  UV-A  Wack  lights  such  as 
those  used  in  mdustry)  sddom  produces  an  adverse 
effect  The  receiU  identification  of  the  injurious  wave¬ 
lengths  (the  action  spectrum)  associated  with  UV  cata¬ 
racts  conduded  that  only  radiation  of  295  to  325  nm 
was  effective  in  producing  a  temporary  or  permanent 
lenticular  opacity  for  acute  exposures.** 

Although  lasm  exist  that  can  produce  ffiennal 
effects  on  theskiitcurrrntiy/idlifof  mSitarylasersanenot 
powerful  enough  to  produce  mof  thermal  effects  on  skin. 
Effects  on  the  eye  are  the  greatest  concern  when  perform- 


1%.  15-17.  International  Commission  cm  Illumination  {Comimssion  lHternatiomlederEeUir:;ge,OBspectr3ibeadi  with  their 
carresponling  sdvim  ctiKts.  The  direct  bidogica!  eff^  of  optical  ivdlations  are  frequency  depende^  In  the  visible  arid 
infrared  OR)  regions,  the  mteraction  mechai^  b  primarily  thermal  In  the  ultnvioiet  (UV)  repon,  the  intenetkm 

mechanism  bpiedominaicly  photochemica},  ahhou^  thermsl  injury  babo  present  The  biological  effects  for  IR  radiation 
are  corneal  buTYu  and  cataracts.  The  biological  effects  for  vbibic  radiation  are  retinal  bums,  cataracts,  and  degradation  of 
color  or  night  vbJoo-TheWologicaleff^  for  UViadUtk>nateFhotoketatitis,cataTacts,  and erythema.  UV-AandUV-Babo 
cause  stdncaiKer. 
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ing  a  hazard  analysis.  There  is  an  obvious  interest  in 
defining  the  sites  of  principal  absorption.  Another 
consideFation  is  not  only  howmuch  energy  isabsorbed 
in  tissue,  but  also  its  relative  biological  eff^veness 
oiwe  absorbed.  This  is  particularly  important  otdsiir 
thespectral  region  where  thermal  e%ctspredoininate,at 
wav^gths  shorter  dian  approxintatdy  400  nm. 

Medumisms  of  Injury 

Distinguishing  the  category  of  injury  mechanism  is 
of  paramount  importance  in  proposing  ELs  or  maxi¬ 
mum  pertnissibleexposures  (MP&)  for  persotmd  and 
in  pr^icting  the  potential  long-term,  delayed,  or 
duortic  effects  of  exposure.  One  property  that  aids  in 
uiKlerstaruling  the  differences  between  injury-mecha- 
nismeategories  is  m^prcdfyfthe  product  ctftrradiance, 
or  exposure  rate,  and  the  time  ttecessary  to  produce  an 
effect),  whkh  b  constard  over  a  wide  range  od  expo¬ 
sure  durations.  Exposure  redprodty  is  assurtted  to 
hddfbrupto8hours(oneworkday)ai>dthereappears 
to  be  very  little  (although  ttteasu^Ie)  additivity  for 
multiple  exposures  if  esuried  over  otte  day. 

Pkotoch^aU  Injury,  UV  effects  atxl  blue-light 
retiiul  injury  are  considered  to  be  photodiemkal  in 
origin.  Plxitocbeinkal  processes  involve  breaking  or 
forming  molecular  bon^  or  both,  and  result  from  die 
stimulation  of  electronic  energy  modes.  The  property 
of  redprodty  is  important  in  understaiiding  {dioto- 
chemkal  processes:  they  obey  die  reciprodty  rule  for 
exposure  duration  frtHn  microseconds  to  hours.  Fur 
exanqde,  20  mj/cm^  of  'JV  radktton  produces  the 
samcdegreecfery'diema  whedierkbdelivetedaslO 
kW/cm^  for!  psec,  or  as  20pW/cm2fbrl,000 seconds, 
provided  thesamewavdengths  are  employed.  Expo¬ 
sure  guidelines  sudt  as  the  Amerkan  Conference  of 
Governmental  Industrial  Hygienists'  (ACGlH's) 
Threshold  Limit  Values  (TLVs)  or  MPE  for  eye  or  skin 
exposure  to  UV  radiation  are  therefore  expressed  as 
nsdmt  exposure  durelhtts. 

JkermnI  Injury.  Redprodty  does  not  hold  for  ther¬ 
mal  injury;  therefoie.  it  is  always  necessary  to  spedfy 
the  exposure  duration  when  studying  a  thermal  in¬ 
jury.  Ibrthennal  injury  erf theskin  or  eye  fromapuked 
source,  it  is  the  duration  of  the  pulse  that  determines 
the  threshold  irradiance,  TLV,  or  MPE  for  a  given 
wavdeiigth  and  effect.  The  rate-process  nature  of 
thermal  injury  suggests  that  for  exposure  duradons  of 
less  than  aj^pioximatcly  10  to  100  psec  the  rate  of 
deliveiy  of  thermal  energy  to  the  tissue  plays  only  a 
minor  rolebecause  Iieat  conduction  cannot  occur  in  so 
shevtatime. 

Even  the  ELs  established  for  lasers  tend  to  reflect 


thisfoct  For  example,  for  ultrashort  laser  exposures 
of  picoseconds,  the  biological  efiect  is  nonlinear  and 
does  not  appear  to  be  themud.  For  the  body  to  sustain 
thermal  injury,  exposure  to  a  higher-intensity  laser  Q/ 
cm^)  for  a  duration  greater  than  100  psec  is  required 
because  the  body's  blood  flow  and  heat  oonductkm 
away  finom  the  exposed  site  tend  to  provide  some 
protection.  Thus,  if  thermal  injury  has  not  occurred 
within  a  few  seconds,  it  is  unlikely  to  occur  because  a 
minimal  critical  temperatiue  (perhaps  ^*0  would 
not  be  readied  through  further  exposure. 

Laser  beamsmaybecapaUeoffiHming  shockwaves 
within  tissue.  The  shock  wave  is  believed  to  result 
from  the  rapid  expansion  of  a  plasma,  whkh  has  been 
caused  by  the  near-instantaneous  heating  of  a  tiny 
v(flumeoftissuetoapproximateIyI0,000°F.  Lasersare 
used  in  tiiis  manner  to  perform  posteriorcapsulotonues 
in  the  treatment  of  cataracts,  and  to  pulverize  gall- 
stonesduiinglaparoscopicsu/gery.  Perhaps  fliedick- 
ing  or  popping  sound  anecdotally  repotted  by  hu¬ 
mans  who  have  inadvertently  gazed  into  a  laser's 
beam  can  be  attributed  to  sudt  a  shock  wave."**^ 

Comment  on  Itqury  Processes 

Theentire  injury  process  is  better  understood  when 
thedistinctionbetween  injuiy  categories  is  estdflished. 
Until  recently,  the  thenouJ-injucy  mechanism  was 
thou^t  to  be  associated  with  tl^  retinal  injury  that  is 
sustained  when  individuals  view  bri^  li^  sources 
sudi  as  tlie  sun.  Researchers  were  puzzled  that  the 
calculated  retinal  temperature  rise  k/t  an  individual 
who  stares  at  the  sun  was  only  2°  to  T'C  for  a  2-inm 
pupillary  diameter.  Lalxuat)^  studies  of  thermal 
retinal  injury  also  showed  that  a  10^  to  20°C  tempera¬ 
ture  devation  in  the  160-pm  solar  image  was  required 
to  produce  retina]  thermal  injury  withinafewseconds. 
At  this  duration,  short-wavelength  tiglk  proved  to  be 
far  more  damaging  than  loiiger  wavdengths,  and 
redprodty  was  maintained  over  a  period  of  hours. 
Research  cenduded  that  theactual  mechanism  of  reti¬ 
nal  injury  was  photochemkaL  not  thennai^ 

The  discovery  of  the  bhie-light  retinal-injuTy  pro¬ 
cess  and  the  tiie^  cf  photodieotical  in  jury  answered 
unexplained  questions  about  solar  retinitis  (eclipse 
blindness).  Researrhershadnotunderstoodwhyiiidi- 
vid  uals  who  gazed  ai  the  sun  for  2  to  3  minutes  during 
a  9oIar  edipse  at  midday  devdoped  edipse  scotoma, 
butindividuaiswhoga^  for  several  minutes  at  the 
sun  while  it  was  low  in  the  sky— and  laddng  blue 
light— did  not  even  sustain  solar  retinitis.*’ 

The  exact  chromophores  and  details  of  flu;  injury 
mechaiusms  for  UV  erythema  and  keratitis  also  re- 
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uum  laigely  unknown.  However,  UV  erythema  and  other  potential  andllaty  sources  of  adverse  biological 

keratitis,Ukeretinalinj^,aTeapparently  multistaged  effects  such  as  chemical  bums,  loss  of  hearing,  expo- 
because  the  manifestations  of  injury  are  delayed  horn  sure  to  airborne  contaminants,  and  electric  shock.* 

several  hours  to  2  days.  These  sources  include  chemical  reactants  and 

BothUV  radiation  and  blue  lightaremastintenseat  byproducts,target-generatedcontanunants,cryogenic 

noon.  Thesolai spectralirradianceat300nmdropsl0-  fluids,  dyes  and  solvents,  ionizing  radiation,  noise, 

fold  by  1500  hours  (Standard  HmernotlDayli^Sav-  and  high  voltage.  Consensus  standards  (sudi  as  those 

ingUme).  Fbrthisre3Son.anexposedindisidxialdoes  from  the  ACGIH,  local  and  state  agencies,  and  the 
irot  receive  enough- to  develop  phnialmtifi:  Onqjationai  Safety  and  Health  Administration)  gov- 

whenthesunisaearitszenidi,butattiiesaBKlflBedBe  emmanyofthesesourcestolimitexposuretocontami- 
skin  is  more  dixecdy'exposed  to  solar  UV-Saod  the  naats  associated  with  laser  operation  (Table  15-1). 

individual  may  sustain  erythema  soibae.  Current  laser  systems  used  in  the  military  for  aim¬ 

ing  weapons  are  not  expected  to  pose  any  andllaty 
Indirect  Biological  ESects  hazards  to  the  operators.  However,  a  potential  for 

tecpoBure  to  lethal  voltages  or  other  haurmful  radiation 
Many  laser  systems  used  in  bodtreseaich  and^  hazards  might  exist  when  protective  covers  are  re- 
velopmentand  industiy  contain  or  areassodakdwiBh  moved  for  service  or  maintenance.  Safety  precautions 


TABLE  15-1 

REPRESENTATIVE  CONTAMINANIS  AfjHOnATFD  WnH  LASER  OPERATIONS 


Cootaminaiit 

Frob<lf«i—nr 

IJOHA  Allowable  TWA 

OSMACeUing  Value 

Asbestos 

Target  backstop 

C21=*/cc 

BesyOinm 

rirebriek  target 

0.025  mg/in' 

fadmfaim  mmiAM  fitm^ 

Metal  target 

OLTmg/m^ 

05  mg/m'  (0 05  mg/m') 

Carbon  naaoxide 

er- - 

D  ppm 

200  ppm 

Carbon  dtoKkle 

Actrve  laser 

HUDOOppm 

30500  ppm'*^ 

ClvoiwiumiTnctal 

MoaLtargets- 

T.0  mg/in^  (05  mg/m^) 

— 

Cobah,  nieialftanr,and  due 

MctaLtaegets^ 

tt05  mg/m-' 

— 

Capper  futae 

MetddaigelE; 

fltl  mg/m  (02  mg/m') 

FbRrine 

KFcbcrririflufr 

.'XI  ppm 

(2ppm)^’ 

fiuonde 

Acttvesnsdirnn^ 
of  later 

^ppm 

6  ppmf  (3  ppm) 

hoBuddehnne 

Metal  targets 

10  mg/m'  (5  mg/m') 

— 

MangBBse'hnne 

Metal  targets 

1  mg/m' (I  mg/m') 

3mg/m'^ 

Metal  targets 

1  mg/m'  (055  mg/m') 

1  mg/m'* 

GDLI  disdiarge 

(3  ppm) 

1  ppm*  (5  ppm)* 

Target  A  Marx 
generators 

0.1  ppm 

05  ppm*  (0.1  ppm) 

TdruffiuHr 

Laser  exhaust 

2ppm(2ppm) 

5  ppm*  (5  ppm)* 

j-ma- - *  - 1^ 

j— T  nf  X  jnuonof 

Saturable  absorber 

1500  ppm 

— 

'IlraniuBi  (ufitble/insoluble) 

Target 

0.05/02  mg/m'  (02  mg/m') 

05  mg/m'*  (05  mg/m')* 

Target 

0.05  mg/m'  (a05  mg/m') 

— 

iSncuddeftme 

Target 

5  mg/in'  (5  mg/m') 

10  mg/m'*  (10  mg/m')* 

Valiwt.-»p>wthrM»  denote  lord  rtcommtnrfed  by  ACQH 
SI  leagth 

'^hvcMerm  exposure  limit* 

ICmmedcsi^lor  bs«r 
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are  provided  in  the  appropriate  technical  manuak. 

chemical  filers  and  exhaust  products  are  asso¬ 
ciated  with  the  operation  of  some  laser  systems  (Ex¬ 
hibit  15-2).  Fbrexample,  the  useofhigh-energy  hydro¬ 
gen  fluoride  or  deuterium  fluoride  chemical  lasers  can 
cause  atmospheric  discharges  of  helium,  oxides  of 
nitrogen  and  sulfur,  and  several  fluorinated  com¬ 
pounds  (including  hydrogen  fluoride  or  deuterium 
fluoride,  which  are  corrosive  arwl  environmentally 
toxic).  Normal  ventilation  techniques,  suchasdilution 
and  local  exhaust,  and  other  engineering  and  admittis- 
trative  controls  for  industrial  hygiene  can  reduce  the 
concentrations  of  chemical  reactants  and  their 
byproducts. 

The  target  of  a  laser  operation  can  itself  generate 
airborne  contaminants  during  laser  material  process¬ 
ing,  beam  termination,  and  interactions  with  metal 
surfaces  (such  as  arc  welding).  The  ACGIH  has  recom¬ 
mended  limits  for  welding  fumes  to  provide  protec¬ 
tion  from  arc-welding  contaminante.  Q)ntroI  of  air¬ 
borne  contamiitants  can  alsobe  achieved  through  local 
and  dilution  exhaust  ventilation,  artd  other  engineer¬ 
ing  aiKl  administrative  controls. 

Cryogenic  fluids  such  as  liquid  nitrogen  and  others 
are  utilized  to  cool  some  lasm  and  many  high-sensi- 
tivity  photodetectors.  When  cryogenic  fluids  evapo¬ 
rate,  they  displace  breathable  oxygen  and  thus  should 
be  used  only  in  areas  of  good  ventilation.  Another 
safety  hazard  associated  with  the  use  of  cryogenic 


EXHIBIT  15-2 

LASER  FUELS  AND  EXHAUSTS 
Carbon  monoxide 
Methane 
Sulfur  dioxide 

Sulfur  hexafluoride;  other  sulfur  compounds 

Nitrogen 

Helium 

Fluorine 

Lithium 

Carbon  disulfide 
Hydrofluoric  acid 
Hydrogen 
Carbon  dioxide 
Various  fluorides 
Nitrogen  oxides 


fluids  is  the  possibility  of  explosion  hxim  ice  collecting 
on  a  valve  ora  connector.  Bt^protectiveclothingand 
faceshieldsshould  be  used  whm  handling  largequan- 
tities  of  liquid  nitrogen.  Those  using  gas  canisters  and 
cryogenic  Dewar  flasks  are  required  to  follow  numer¬ 
ous  safety  procedures  (which  are  beyond  the  scope  of 
this  chapter)  to  prevent  serious  accidents. 

Organic  dyes  and  solvents  are  often  used  as  lasing 
media.  Solvents  usually  compose  99%  of  the  dye 
solution  by  weight  and  are  commonly  flammable  and 
toxic  by  irdialation  or  percutaneous  absorption.  (Ton- 
trol  measures  for  dyes  and  solvents  include  exhaust 
ventilation  and  proper  storage  and  handling  of  flam¬ 
mable  chemicals. 

hniziugradiation—Xiays—aregeneratedfromsome 
high-voltage  power  tube  and  electron-beam  lasers. 

ionizing  radiation  can  be  controlled  through 
proper  monitoring  aiul  shielding  procedures.  Kfanu- 
hicturers  can  successfully  shidd  lasers  to  prevent  X- 
radiation  leakage,  provided  that  the  lasers  are  oper¬ 
ated  with  the  shield  in  place. 

Noise  levels  that  exceed  theaLceptablestandardsare 
generated  by  certain  high-energy  lasers  and  trans¬ 
versely  excited  atmospheric  p  lessure  lasers,  although 
most  lasers  operate  silently.  However,  these  hazard¬ 
ous  noise  levels  oa  ur  only  near  the  laser  or  its  target, 
where  personnel  are  not  permitted.  Other  safety  con¬ 
siderations  thus  obviate  the  need  for  noise<ontiol 
measures. 

Lethal  voltage  levels  often  are  generated  inside  the 
laser-system  eiKlosure.  Persotuiel  can  be  exposed  to 
these  voltages  if  the  system  covers  are  removed  or  if 
the  electrical  interlocks  are  defeated.  Standard  electri¬ 
cal  safety  precautions  can  reduce  the  risk  of  electro¬ 
cution. 

Military  Applications 

Using  light  for  long-range,  Ime-of-sight  communi¬ 
cation  b  not  new.  Paul  Revere  received  a  coded 
message  in  light  before  hb  ride  in  1775.  Morse  code 
utilizing  light  was  widely  used  during  World  War  IL 
Current  military  uses  of  laser  ^rstems  ^th  hand-held 
and  mounted  on  vehicles  or  aircraft)  include 
rangefinding  or  dbtance  measurement,  tactical  target 
designation,  and  simulation  of  ballbtic  characteristics 
for  training  purposes.  Lasers  car  also  be  used  as  part 
of  Are-control  systems  and  in  conjunction  with  night- 
vbion  and  IR-sensing  technologies. 

Rangefinders 

Rangefinder  laser  devices  emit  a  single  pulse  or 
series  ofpulses  toward  a  target.  .A  counter  b  activated 
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when  the  pulse  is  emitted.  When  the  light  contacts  the 
target,  a  diffuse  reflector,  it  is  scattered  in  all  directions. 
Optical  sensors  receive  the  light  reflected  back  to  the 
rangefinder  aid  deactivate  the  counter.  Thus,  the 
distance  from  the  rangefinder  to  the  target  can  be 
calculated  from  the  time  of  travel  between  the  laser 
and  target  and  the  speed  of  light  using  the  formula 

r-£JLL 

2 

where  r  represent  the  range  in  meters,  c  represents  the 
speed  of  light  (3  x  lO^m/sec),  and  t  represents  time  in 
seconds  for  the  pulse  of  light  to  travel  the  round  trip, 
which  is  why  it  is  necessary  to  divide  by  2. 

The  military  frequently  uses  Nd:YAG  as  a 
rangeflnding  and  designating  laser  medium.  The 
wavdength  of  this  laser  is  1,064  tun,  in  the  near-IR 
region  of  the  spectrum.  Both  the  hand-held  AN/GV5- 
5  rangefinder  and  the  vdiicular-mounted  AN/ WG-3 
rangefinder  on  the  Ml  tank  employ  a  single  pulse  of 
Nd:YAG.  The  AH-IF  Cabn  helicopter  employs  a 
multiple  pulse  of  Nd:YAG  in  its  La^  Augmented 
AiibomeTow(LAAT)rangeflndingsystem.  Although 
the  Nd:YAG  laser  is  used  frequently,  it  is  not  used 
exdusively  in  military  laser  systems.  For  example,  the 
M60A3  tankemploys  the  AN/ WG-2,  which  isa  single- 
pulse  ruby  laser  rangeflnder  that  operates  in  the  vis¬ 
ible  re^on  of  the  spectrum  at  6^3  nm. 

Tactiad  Target  Designators 

Laser  systems  accomplish  tactical  target  designa¬ 
tion  by  emitting  a  series  of  pulses  toward  a  di^ise 
reflection  target,  whkhscatters  the  light  Programmed 
opticalsensors  respond  to  the  particular  codeof  pulses 
that  thedesignator  emits  and  direct  munitions  toward 
the  taiget  Several  laser  systems  for  tactical  target 
designation  also  have  rangefinding  capability  (such  as 
the  G/VLLO  [ground/vehide  la^  locator  designa¬ 
tor]),  but  others  are  capable  only  of  tactical  target 
designation  (such  as  the  hand-held  AN/PAQ-l  (por¬ 
table,  invisible  radiation,  special  {nitposej). 

Directed  Fire  Sh.'ntlator 

Lasers  are  used  extensively  in  irulitaty  training  to 
simulate  ballistic  diaracteristics  of  live-f^  weapons. 
The  most  hequently  used  laser  training  system  is  the 
Multiple  integrated  Laser  Engagement  System 
(MI13),  which  uses  laser  diode  technology.  Inmost 
cases,  the  diode  used  is  GaAs,  whidi  operates  in  the 
905-nm  region  of  the  spectrum.  The  laser  diode  is 
programmed  to  emit  a  code  of  pulses  to  simulate  a 


particular  weapons  systenu  The  sensors  attached  to 
the  taiget  (such  asatank,aircraft,orpersoimel)  receive 
the  code  of  laser  pulses  and  interpret  the  code  as  a  kill 
manearmiss.  Anear  miss  will  signal  the  taiget  asbeing 
engaged,  and  a  kill  will  shut  down  the  MILES. 

New  Applications 

The  militaiy  also  uses  lasers  in  conjunction  with 
night  vision  and  IR-sensing  technology.  For  example, 
di^elasersoperatinginthenear-lRregioncaniUumi- 
nate  a  target  to  enhance  its  signature,  thus  making  the 
target  more  visible  through  a  night-vision  or  IR-sens¬ 
ing  device.  Similarly,  low-power  gas  lasers,  usually 
composed  of  helium  and  neon  (He-Ne)  and  operating 
at  6318  nm,  are  used  in  association  with  small-caUber 
arms  for  sighting  targets. 

Other  new  applications  of  lasers  indude  relatively 
safe,  low-powo^  lasers  that  are  being  developed  for 
guided  o^cal  communication  systems  or  fib»  optic 
networks,  and  shoit-to-medhim  range  or  line-of-sight 
communicah^rs. 

Likewise,  tedmology  is  being  developed  to  use  the 
laserasan  optical  countermeasure:  ahigli-powerlaser 
with  a  rather  large  beam  divergence  can  be  focused  on 
a  target  to  overwhdm  the  target's  biological  (the  eyes) 
or  electronic  optical  sensors  that  are  being  used  in 
conjunction  withitsBre-controlsystem.  Also,  with  the 
development  of  technology,  very  high  power  lasers 
will  be  used  in  directed  energy  wi^re  to  engage 
targets  as  a  direct-fircweapoiL  The  laser  will  transfer 
EM  energy  to  a  taiget  and  cause  the  taiget,  or  one  of  its 
critical  components,  to  overheat  and  malfunction. 

Four  type  of  high-energy  laser  technologies  are 
potentially  suitable  for  weapons  applications:  the  gas 
dynamic  laser,  the  electriodischatge  laser,  the  chemi¬ 
cal  laser,  and  the  free-electron  laser.  However,  each  of 
these  systems  has  significant  limitations  regarding 
militaiy  utility;  theref^,  no  high-eneigy  laser  system 
hashed  fielded. 

Laser  Protection  Standards 

Until  1973,  when  the  first  ANSI  Standard  (Z136.1) 
pertaining  to  lasers  was  published,  only  general  stan¬ 
dards  for  the  use  of  lasers  ^ted.  This  standard  laid 
the  groundwork  for  a  multitude  of  laser  standards, 
indudingstandards  pertaining  to  lase  useinindustry 
and  themiliUry,performancestandards,andenviron- 
mentaland  international  laws.  Today,  ANSI  Standard 
Z136.1**isupdatedtrieimially.  Additional  ANSI  stan¬ 
dards  encompass  other  laser  uses:  ANSI  Standard 
21363’"  for  flber  optics  systems,  and  ANSI  Standard 
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TABLE  lS-2 


U5.  ARMY  GUIDANCE  PERTAINING  TO  LASER  USE 


Regolstion 

Tttie 

Purpose 

AR40-5 

Preventive  Medicine 

Describes  the  radiation  control  program 

AR4046 

Control  of  Health  Hazards  from  Lasers 
and  High  Intensily  Opti^  Sources 

Establishes  U5.  Army  pdides,  procures,  and  standards  for 
protection  of  personnd  from  the  hazards  of  radiation 

AR385^ 

Polides  and  Procedures  for  Firing 
Ammunition  for  Training, 

Target  Practice,  and  Combat 

Provides  procedures  for  operating  lasers  outdoors  on  a  U3. 
4rmy  range 

AMC  Reg  385-29 

Laser  Safriy 

Defines  the  use  of  lasers  at  U3.  Army  Matcrid  Ormmand 
installations 

TB  MED  524 

Control  of  Hazards  to  Healtkfrom 

Laser  Radiatian 

EYovides  exposure  limits  and  guidaiKe,  and  establishes 
responsibilities  for  personnd  protection  from  radiation; 
applies  to  active  US  Army,  US  Army  National  Guard,  US 
Army  Reserve,  and  Corps  of  Engineers  focilities 

Z1363*'  for  medkal  lasers.  ANSI  Standard  Z136.4 
concerning  laser  measuiement  is  also  being  devel¬ 
oped.  Although  the  U3.  Navy  uses  ANSI  Standard 
Z136.1  directly,  the  U3.  Air  Force  maintains  its  own 
standard  (Air  Force  Occupational  Safety  and  Health 
lAPOSHJ  Standard  161-10)®  ainl  the  US.  Army  main¬ 
tains  several  regulations  and  technical  bulletins  per¬ 
taining  to  laser  use  (Table  15-2). 

Tille  21,  Code  of  Federal  Regulations,  Part  1040, 
dictates  the  performance  standards  for  all  laser  de 
vkes  mantifactured  after  1976,  but  some  exemptitms 
have  been  made  for  the  military.®  Soon  after  this 
regulation  was  promulgated,  thie  DoD  obtained  an 
exemption  for  tactical  laser  systems,  outdoor  training 
lasers,  aitd  lasers  that  were  classified  in  the  interest  of 
national  defense.  In  addition,  alternate  design  criteria 
were  developed  for  the  army,  navy,  arrd  air  force,  and 
were  published  in  Military  Standard  (MIL-STD) 
1425A.^  MILrSrD-882C  add.’esses  safeguards  from 
other,  related  potential  hazards.® 

Even  certain  envirorunental  laws  affect  the  use  of 
lasers  and  laser  focilities.  Congress  created  the  Na¬ 
tional  Emmonmental  Policy  Act  of  1969  to  establish  ra¬ 
tional  policy  to  protect  the  environment  and  to  mini¬ 
mize  adverse  envirorunental  consequences  of  federal 
actions.®  Certain  provisions  of  tire  act  are  iiKOtpo- 
rated  into  other  federal  regulations  induding  the  Na¬ 
tional  Hisioric  Preservation  Act  o/1966®  and  tlK  Endim- 
gered  Species  Act  of  1973.®  Army  Regulation  200-2 
contains  US  Army  policy  pertaining  to  these  zrtat- 
ters.®  Because  lasers  can  be  tised  outdoors  on  a  range, 
the  effect  of  laser  radiation  on  endangered  species  a^ 


other  wildlife  must  be  consaJered. 

Lasers  are  also  a  subject  of  concern  on  tiie  intema- 
tiorularulnatkmal  scenes.  The  United  States  is  a  part 
oftheNorthAtIanticTreatyOigaiuzation,whidunaln- 
tains  a  staivlardization  agreement  on  laser  radiation. 
Standardization  Agrtment(StMiAC!)3&lS!^  New  York 
and  Texas  ha  ve  also  set  state  restrictions  for  laser  use. 

Official  standards  do  not  yet  address  tiie  use  of  hi^ 
intensity  optical  sources  otiiCT  than  lasers.  Safety  guide¬ 
lines  for  these  sources  are  provided  in  the  ACGIH 
publication.  Threshold  Limit  Valuesand  Biological  Expo¬ 
sure  Indices.^'  This  document  provides  guiddines  for 
the  use  of  intense  viable  sources,  which  can  produce 
retinal  thermal  injury;  sources  of  intense  blw  light, 
which  can  produce  retinal  photochemical  injury;  and 
IR  radiation,  whxh  can  ad  versdyafi«t  the  lens.  These 
guiddines  wiD  probably  provide  a  ba^  for  future 
army  standards  regarding  these  sources. 

Exposure  limits 

PELS  are  not  used  in  the  fidd  of  laser  technology. 
The  terms  used  are  ELs  or  MPEs.  The  ELs  for  laser 
sources,  like  those  for  RF  radiation  sources,  are  based 
on  the  biological  danugelevd.®  (These  valuesshould 
be  used  as  g^es  in  tite  context  of  exposure.  Theyare 
based  on  tiie  best  available  information  from  experi¬ 
mental  studies.)  The  interior  of  the  eye  is  tianqrarent, 
to  a  varying  extent,  to  wavelengths  between  400  and 
lAOOnm.  Thevisualre^xmseoftheeyeiswavdength 
dependent  Tire  arrmunt  of  OKoming  optical  energy 
that  is  first  transmitted  through  the  anterior  poitkms 
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Wavelength  (nm) 

Hg.  IS-IS.  The  eye's  absorption  of  nonionimg  radiation  depends  on  the  wavelength  of  the  incident  radiation.  Human 
visual  response  b  limited  to  wavelengths  of  approximatdy  400  to  700  nm,  but  the  retina!  jngment  epithdnim  (RFE) 
absorbs  frcnn  wavelengths  400  to  1 .400  run.  Althwgh  we  may  not  be  able  to  see  the  laser,  the  eye  ^  responds  and  focuses 
the  energy. 


of  the  eye  and  then  absorbed  by  the  retitul  pigment 
epitheUiun  QtPE)  b  also  wavel^gth  depeitdent  (Bg- 
ute15-18).  Separate  ELs  have  been  estabUshed  for  all 
wavdengths.  ‘nteconteaandkssoftheeyecoiKeiv 
trate  the  energy  of  a  laser  beam  100.000*fold  greater 
than  the  unfocused  eitergy;  therefore,  extremely  small 
amounts  of  optical  energy  can  injure  the  retina. 

Because  pulsed  lasers  operateatpulsewidthsof  less 
than  one  nanosecond  to  several  seconds,  the  ELs  de¬ 
pend  on  the  pulse  width,  repetition,  and  expected 
duration  of  exposure.  Anindividual  might  beexposed 
to  a  visible  laser  for  025  seconds,  imtil  the  rutural 
aversion  re^xmse  to  light  causes  the  exposed  indi¬ 
vidual  to  turn  away.  In  comparison,  exposure  to 
invisible  «vavdengths  can  last  10  seconds  or  kn^er, 
before  the  individual  becomes  aware  that  he  or  she  is 
beingexposed.  This  is  because  invbiUe  wavelengths 
do  not  invoke  the  rutural  aversion  re^xxise  to  light 

Laser-cxmtrol  standards  keep  exposure  leveb  low 
eitough  to  preclude  any  kixnvn  risk,  even  repeated 
exposures  ^y  after  dsy.  The  radiant  exposure  that 
causes  a  minimum  injury,  such  as  a  visible  lesion  on 
the  retiiu,  cornea,  OT  unprotected  skin,  bgencraUy  10- 
to  50-f6id  higher  than  the  established  ELs.*^ 


Threat  AruUtffis  asid  EvaluatUm 

An  analysis  of  the  hazards  that  laser  systems  pose 
must  (a)  verify  that  the  engmeering  controls  that  have 
been  incorporated  into  the  system  comply  with  the 
control  standards,  (b)  detenruite  the  requirements  for 
eye  protection,  aitd  (c)  deterinine  the  itominal  ocular 
hvard  distances  (NOHDs)  for  both  the  unaided  eye 
and  the  eye  that  is  aided  by  magnifying  optks.  The 
NCKiDbthedistancerequiredfcirthebeamtoexpand 
tothepointwheretheELisnotexceeded.  TheNOHDs 
for  military  desigrutor  lasers  extend  10  to  20  km  for 
unaided  viewing  and  40  to  50  km  for  optically  aided 
viewing;  the  NOHD  for  military  rangefinders  is  gener- 
allyStolOkm.  However,  th^  lasers  are  known  to 
cause  various  levds  of  eye  injury  at  shorter  distances. 
The  ruby  laser  rangefinder  exceeds  the  hemorrhage 
level  withiit  100  m  (Hgure  15-19),  and  can  inflict  a 
retiiul  lesion  within  1,100  m  if  the  victim  is  standing 
directly  in  the  beam.  A  laser  desgnatm- can  inflict  a 
retinal  leskm  within  5  km,  but  again,  the  victim  must 
be  standing  directly  in  the  beam  to  sustain  this  in  jury, 
and,  in  the  judgment  of  USAEHA's  Laser  Brand),  the 
probability  that  this  win  ocoiris  very  small  An  optical 
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Fig.  15'19.  The  concenlnition  of  ruby  laser  light  IS  {dotted  as  a  function  of  distance  from  the  User  (range).  The  graph  predicts 
thataietmal  hemorrhage  would  occur  atadistance  less  thanlOO  m,a  visible  lesion  would  occuratadistance  less  than  1,100 
nw  and  that  the  exposure  limit  would  be  exceeded  at  a  distance  less  than  8,000  m. 


viewing  system  can  extend  these  distances  by  magni' 
fying  the  power  of  the  system. 

Laser  and  Optical  Radiation  Expocoie  Incidents 


Unlike  RF  radiation  exposures,  few  incidents  of 
laser  and  optical  radiation  exposures  have  been  re¬ 
ported  since  1981,  when  the  USAEHA  began  investi¬ 
gating  them.  Eight  incidents  were  fbrau^  investi¬ 
gated  from  1981  through  1987,althoughapproxiinatdy 
16  were  known  to  have  occurred.  From  1988  to  1992, 
one  additional  laser  incident  occurred,  and  in  1988,  a 
formal  procedure  was  established  for  the  investi- 
gatkm  laser  and  RF  radiation  exposure  incidents 
(USAEHA  Regulation  40-13).“  This  procedure  may 
involve  a  formal  investigation  followed  an  ofSdal 
report  but  only  when  directed  by  the  OTSG. 

The  following  four  case  studies  of  laser  and  optical 
radiation  ex-posureshavebeen  selected  to  illustrate  the 
range  of  incidents  that  the  ISAEHA  investigates.  The 
first  two  coiKern  two  of  the  threeserious  retinal  injuries 
that  have  occurred  since  1961  (the  third,  whk^  oc¬ 


curred  in  1984  at  Fort  Bragg,  North  Carolina,  involved 
the  AN/PAQ-1  and  was  similar  to  these  two).  (SecRg- 
ures  8-1 7  a  rtd  8-1 8  in  Chapter  8,  Conserving  Vision,  for 
other  laser  injuries.)  The  third  arKi  fourth  case  studies 
describe  incidents  where  the  reported  ocular  effects 
were  inconsistent  with  the  potential  laser  eeposure. 

C4ueStudifl 


On  3  March  1967  a  dviian  emptoyo  at  AbenMan 
Proving  Ground,  Maryland,  was  adjusting  a  Nd:YAG- 
purnpad  dye  lasar  whan  ha  raportad  sa^  a  singia  oranga 
flash.  Thaiasarwasoperatingatawavaisngthof620nm 
withapulsa-repetitioofTaqotncyof.lOHt  The  indwidual 
was  not  wearing  Sasar  aya  protection  at  the  tuna  bacausa 
it  inNbitad  his  view,  and  viewing  the  beam  is  asaantial  for 
performing  ar^Mtinants. 

During  the  aya  exainiruflion  that  was  conducted  after 
the  axpoaura.  the  MMOutl  reported  teeing  a  oantrai 
redeftsh  scotoma  approximataiy  2  feat  in  radkis  in  his  Tight 
eye  when  observing  a  large  object  20  Mat  away.  The 
examiTMflion  showed  visual  acuity  of  20A(  (not  rneaturabia] 
forthe  right  eye.  and2(V20fortha  left  «ya.  Afundmcopic 


571 


Occupaliotul  Health:  The  Soldier  and  the  Industrial  Base 


examination  showed  a  macular  hemorrhage  approximately 
1 .5  disc  diameters  wide  in  the  right  eye  arxl  a  normal  left 
eye.  Retinal  photographs  were  taken  on  the  day  of  the 
injury  and  on  followup  eye  examinations  (Figure  15*20). 

Ihe  examinaLHvis  and  mvest'gation  hold  that  the  indi¬ 
vidual  probably  received  a  total  intraocular  exposure  of 
approximately  550  pJ,  which  is  3.000-fold  greater  than  the 
occupational  exposure  limit  of  0.19  pJ.  The  injury  was 
consistent  With  the  exposure  parameters.  The  individual 
did  regain  20/20  vision  in  the  injured  eye.  but  contmues  to 
expenence  a  slight  visual  degradation  in  hts  visual  field 
when  using  the  affected  eye  for  monocular  vision. 

Case  Study  2 

On  18  July  1989  a  U.S.  Army  soldier  stationed  m  the 
Federal  Republic  of  Germany  reported  two  laser  expo¬ 
sures  induct  by  an  MX-9838  AN/GVS-S  laser  IR  obsenra- 
tionset.  The  soldier  claimed  that  he  was  exposed  to  the 
direct  beam  at  10  to  12  inches  from  the  source.  Witheach 
exposure,  the  soldier  reported  seeing  a  whitish  flash, 
heving  a  dick,  and  then  immediately  seeing  a  dark  spot  in 
his Msual field.  Later, he reportedseeingwhatappearedto 
be  dark  jellyfish  tendrils  in  his  field  of  view,  which  appearer* 
red  in  high-level  ambient  illumination. 

Because  the  GVS-5  is  a  single-shot  laser  rangefinder,  a 
maximum  of  one  injury  is  expected  per  exposure.  The 
retina!  examination,  however,  s.howed  four  separate  le¬ 
sions  in  and  around  the  macula.  Theophttiaimologtst,who 
examined  the  soldier  the  day  following  the  injury,  discov* 
ered  the  right  eye  to  demonstrate  poor  visual  acuity  (20/ 
400),  and  the  left  eye  to  demonstrate  20f20  visual  ac^ 
(Figure  15-21).  Although  the  ophthalmologist  found  the  left 
eye  to  be  normal,  the  right  eye  had  sustained  multipio 
macutarandpenmacularlaserbumswithedema.subretmal 
hemorrhages,  rupture  of  the  internal  limiting  men^irane, 
and  vitreal  hemorrhage. 

The  eye  exammetion  and  the  USAEHA  investigation 
conduded  that  the  maximum  mtraocular  exposure  for  each 
pulse  could  be  15  mJ  at  1,064  nm,  if  the  exposed  eye 
coneded  all  the  radiant  eriergyemittsd.  The  occupahonal 
exposure  limit  for  a  pulse  less  than  50  ps  at  1 ,064  nm  is  1 .9 
pj.  The  potential  exposure  was  therefore  approximately 
8,000-fold  greater  than  this  limit  Atthcugh  the  seventy  of 
the  injuries  was  consistent  with  the  exposure,  the  number 
of  injuries  was  not  consistent  with  the  incident  as  reported. 

Case  Study  3 

On  4  October  1984  an  individual  at  Jefferson  Proving 
Ground,  Indiana,  reported  being  exposed  to  a  heinan-neon 
laser  fori  to  2  minutes.  The  indnndual  reported  seeing  a 
dark  afterimage  in  a  uniform  drde,  approximately  the  size 
ofagolfball.  The  afterimage  gradually  disappeared,  and  it 
had  completely  disappeared  within  1  hour  after  the  alleged 
exposure. 

The  individual  had  two  eye  examinatior.s  after  the  al¬ 
leged  mcxlent  Anex8minationperfonTied6hoursafterthe 
incident  showed  visual  acuity  0(20/30  for  the  right  eye,  and 


20/20  for  the  left  eye.  The  indrvidual  reported  no  visual 
disturbances.  Six  days  later,  a  followup  examination  dem¬ 
onstrated  20/20  visual  acuity  in  both  eyes.  Neither  of  the 
two  exanrrinations  revealed  any  ofihthalmoscopically  vis¬ 
ible  retinal  changes. 

Like  the  eye  examination,  the  USAEHA  investigation  of 
the  incident  failed  to  prove  that  an  overexposure  had 
occurred.  The  investigation  showed  that  at  the  time  of  the 
alleged  exposure,  the  individual  was  located  approximatety 
8.1  m  from  the  transmitter.  The  laser  was  rigidly  mounted 
and  the  direct  beam’s  height  was  too  far  above  the  ground 
to  expose  the  individuars  eyes.  If  the  individual  had  been 
exp<»ed  to  the  direct  beam  at  this  distance,  he  would  have 
received  a  corneal  irradiance  of  170  pW/cm^.  Approxi¬ 
mately  1  minute  of  exposure  to  170  pW/cm^  is  permitted, 
and  similarly,  6  hours  of  exposure  is  permitted  for  17  pW/ 
cm^.  Theactual  exposure  was  probably  approximately  1.7 
pW/cm^,  which  is  far  below  the  8-hour  limit.  Therefore,  the 
individual  was  not  exposed  beyond  the  occupational  hrnii. 
and  the  persistence  of  the  afterimage  was  not  consistent 
with  the  exposure  level. 

Case  Study  4 

On  2  July  1 986,  while  inside  the  turret  of  an  M60A3  tank 
at  Fort  Indiwtown  Gap,  Pennsylvania,  an  individuat  per¬ 
formed  a  self  test  on  a  ruby  laser  rangefinder  operating  at 
694,3  nm.  Within  one-half  hour  after  performing  the  self 
test,  the  inrfividual  complained  of  an  irritation  in  his  left  eye. 
Inflammation  increased,  becoming  more  intense  over  the 
next  4  days.  When  the  individual  returned  to  work  after  a 
holiday,  he  was  sent  for  an  examination.  The  ctvitian 
ophthalmologist’s  examination  proved  normal,  except  for  a 
preexisting  nevus  on  the  fundus  of  the  left  eye,  and 
eprsdentis  and  keratitis  of  the  left  eye.  The  ophthalmolo¬ 
gist  did  not  attrftKJte  the  nevus  to  laser  exposure,  but  did 
attribute  the  episcientis  and  keratitis  to  acddentid  laser 
exposure  because  the  kidr^ual  had  been  woitdng  with 
lasers  at  the  onset  of  these  conditions. 

U.S.  Army  ophthalmoiogists  examined  the  individual's 
eyes  and  disagieed  with  the  findings  of  the  civilian  ophthal¬ 
mologist  The  patient  was  then  flown  to  Waller  Reed  Army 
Medical  Center  for  examinafion  4  days  after  the  initial  eye 
exammation.  Armyophthalmologiststhere  agreed  with  the 
dimeal  findings  of  the  civilian  ophthalmologist  but  were 
more  guarded  about  attributmg  the  other  two  finefings  to 
laser  exposure.  Contrary  to  the  cnrilianophthalmoiogisfs 
conclusion,  episdentis  is  a  relatively  common  inftam- 
mation  of  the  anterior  segment  of  the  eye  and  its  cause 
is  usuafty  unknown.  Simdarly,  the  dvitian  ophthalmol- 
ogisf  s  condusxMi  that  a  ruby  laser  induced  the  keratitis 
is  inconsistent  with  scientific  and  dmical  evidence  that 
suggests  that  red  tight  at  694.3  nm  cannot  damage  the 
cornea  unless  it  is  of  sufficient  intensity  to  cause  cata¬ 
strophic  injury  to  posfeomeal  ocular  tissue.  The  onset  of 
the  episdentis  and  keratitis  after  the  laser  self  test  was 
coincidental.  In  additicn.  radiometric  measurements  veri¬ 
fied  that  no  laser  radiation  was  present  inside  the  turret 
during  the  self  test 
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Rg- 15-20.  (a)  The  retinal  photograph  of  an  accident  victim's  right  eye  shows  macular  hemorrhage.  (b>  The  retina! 
photograph  of  the  patient's  r.ght  eye.  taken  3  months  after  the  accident,  shows  recovery  to  20/20  vision. 


fig.  15-21.  (a)  This  retinal  photogrsj*  of  the  patent's  right  eye  was  uken  3  weeks  after  the  incident.  Little  change  is  noted 
and  vision  has  not  improved  beyond  20/400  (fc)  This  retinal  photograph  of  the  patient's  right  eye  was  taken  approximately 
1  month  after  exposure  to  an  AN/GVS-5  laser. 
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The  Laser  Protection  Program 

The  installation  or  activity  commander  has  control 
over  the  Laser  ProtectionPrt^graineletnents;the  instal¬ 
lation  or  activity  RPO  is  responsible  for  implementing 
the  program.  A  typical  Laser  Protection  Program 
includes  elements  su^  as  (a)  laser  inventory  and  tltreat 
dassificadoit,  (b)  engineeting  controb,  (c)  training,  ‘J) 
administrative  controb,  aiul  (e)  laser  eye  protccdoxt. 

Inventory  and  Threat  Classification 

Complete  program  files  should  be  maintained  by 
the  RPO  to  include  the  current  records  of  inventory, 
SOPs,  and  records  of  rebted  safety  instruction. 

Lasers  and  laser  systems  are  evaluated  to  determine 
the  severity  of  hazard  that  they  are  capable  of  posng. 
Each  laser  or  laser  system  b  classified  in  one  of  four 
basic  hazard  categories,  with  Class  1  being  the  least 
hazardous  and  Class  4  being  the  most**  Qasst  lasers 
donotposeahazard  to  persmuieL  even  If  all  the  energy- 
emitted  can  be  focused  into  a  person's  eye.  A  few 
training  lasers  and  laser-diode  systems  fall  into  this 
category,  but  most  open-beam  (unenclosed)  lasers  are 
too  powerful  In  many  systems,  however,  powerful 
Class  4  lasers  are  endo^  inside  interlocked  cabinets 
within  the  system.  These  endosed  lasers  present  no 
hazard  during  normal  operation  and  are  therefore 
categorized  Class  1. 

Class  2  lasers,  which  are  visible,  only  pose  a  hazard 
if  an  ndividualoverconreshb  or  her  trormal  aversion 
response  and  stares  into  the  laser  for  more  than  025 
secorrds.  Lasers  less  than  1  mW  are  categorized  Class 
2,  and  lasers  that  dorrot  exceed  the  ELforlXlOOsecoTKls 
(approximately  16  ttrin)  are  categorized  Class  2a. 

In  general  lasers  that  exceed  the  Qass  1  and  Gass 
2  criteria,  but  are  less  than  05  W  in  their  average 
power,arecategoriwdGas53.  This  category  b  subdi¬ 
vided  into  Gass  3a  and  Class  3b,  with  Cl^  3a  posing 
the  lesser  threat  CIa$s3a  lasers  do  not  pose  on  irrune- 
diate  hazard  to  personrrel  who  either  view  the  somte 
directly  or  view  a  reflection  from  a  specular  surface. 
However,  Gass  3a  lasers  pose  an  immediate  hazard  to 
personrrel  who  are  using  magnifying  optics.  Avirible 
laser  b  categorized  Gass  3a  if  the  output  power  b  1- to 
5-fold  greater  than  the  CTass  2  accesrible  exposure 
limib(AELs).  AUVornesr-IRIaserbdassifiedGass 
3a  if  the  output  power  or  energy  b  1  -  to  5-fold  greater 
than  the  Gass  1  limit  Gass  3  lasers,  or  laser  systerrrs 
that  do  rwt  meet  the  previous  requirenrent  (^d»  as 
single-pulsed  neodymium  rangefinders),  are  classi¬ 
fied  as  Gass  3b. 

Gass  4  lasers  have  an  average  output  exceeding 05 
W.  Some  are  capable  of  producing  thermal  injuries  to 


the  skin;  others  pose  hazards  horn  combustvm  or 
diffuse  reflection. 

Engineering  Controls 

Title  21,  Code  of  F^eral  Regulations,  Part  1040 
(1988),  dictates  the  type  of  engineeri:!?  controb  re¬ 
quired  for  laser  equipment,  based  on  th.  !  ser'sdass.** 
Thb  standard  requires  that  all  lasers  (a)  contain  an 
interlocked  protective  housing  and  (b)  dbj>lay  proper 
labeling  and  appropriate  user  and  sovire  informa¬ 
tion.  Inaddition,  Classes  2,3,and4la'(irsm'tst  contain 
an  emission  indicatorand  a  beam  att  niuah'*.  Classes 
3b  and  4  lasers  are  further  requireii  to  Ijivre  Ot)  an 
emission  indicator  that  b  activated  prior  to  la^er  emis¬ 
sion,  (W  a  connector  that  can  deactivate  the  laser  re- 
motdy,and  (c)akcy-operated  switch  top.event  unau¬ 
thorized  use.  Alternate  contri^measur'is  that  do  not 
interfere  with  the  military  mission  are  contained  in 
MIL-STD  1425A  for  military-exempt  lasers.  Laser 
laboratories  must  also  maintain  engineering  controb 
to  preclude  personnel  exposure,  including  warning 
lighb  and  signs;  filtered  view  ports;  and,  for  Gass  4 
lasers,  door  interlocks. 

Administratme  Controls 

SOPs  and  other  administrative  controb  such  as 
protocob,  operators  manuab,  and  good  safety  prac¬ 
tices  are  important  componenb  of  laser-protection 
control.  Every  installationoractivitythatusesClasses 
3or4)ase»  should  pubIbhanSOP  for  proper  laser  use. 
Thb  SOP  should  spedfically  address  fire  hazards  of 
the  lasers  in  the  envirorunent  where  they  are  used  arrd 
should  prescribe  procedures  for  their  safe  use. 

Training  Programs 

Laser-safety  training  b  necessary  for  all  who  oper¬ 
ate  potentially  hazardous  optical  equipment  Thb 
training  should  include  instruction  concerning  the 
hazards  of  the  particular  pieces  of  equipment,  protec¬ 
tion  methods,  and  emergetKy  procedures.  Instructors 
involved  in  the  trainingof  laser  safety  and  range  saiety 
personnel  should  receive  further  instruction  concern¬ 
ing  basic  optics,  biological  effects  of  lasers,  laser  safety 
standards,  laser-protective  dothing  (eyewear,  gloves, 
arKi  flame-retardant  clothing),  atrd  preparation  of  la¬ 
ser  range  areas. 

Eye  Protection 

The  type  of  laser  eye  protection  that  the  U5.  Army 
uses  b  rapidly  chan^g  due  to  iww  technology.  The 
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anny  is  planning  to  distribute  the  BaUistic/Laser  Pro¬ 
tective  Spectacle  (BLPS)  to  all  personnel.  BLPS  is 
designed  to  provide  protection  toth  against  moving 
objects  and  against  all  currently  fielded  DoD  laser 
equipment  (figure  15-22;  see  also  figure  8-29  in  Ohap- 
ter  8,  Conserving  Vision).  However,  BLPS  is  not 
required  in  a  training  environment,  due  to  the  admin- 
istrahve  controls  ali^dy  in  place.  BLPS  is  currently 
available  to  a  select  few  (details  are  classiried),  but 
other  typesoflaser  eye  protectionareavaiJable  through 
commercial  vendors  for  most  army  personnel. 

Laser  eye  protectors  are  designed  for  protection 
against  a  specific  wavelength  and  have  a  certain 
amount  of  attenuation  known  as  optical  density  (OD). 
Therefore,  the  laser's  wavelength  and  the  requited  OD 
must  be  known  before  selecting  the  proper  eye  protec¬ 
tion.  Because  the  U5.  Army  fr^uently  uses  the 
Nd:YAG  laser  at  1,064  nm  and  the  ruby  laser  at  6943 
nm,  eye  protection  with  an  OD  of  6  or  greater  at  these 
wavelengths  will  provide  adequate  protection  from 
most  lasers  fielded  by  the  army. 

hiEDICAL  SURVEILLANCE 

There  is  no  scientific  basis  or  epidemiological  evi-  equate  protective  measures  caimot  be  provided.  Re- 

dence  to  suggest  th?*  m'dical  surveillance  for  RF  g^less  of  their  classification,  all  individuaLs  who 

radiation  workers  is  r.«'Vjsarj'  and  the  army's  pro-  begin  working  with  lasers  must  undergo  a  prdplace- 

gram  of  periodic  ocular  examrMtions  for  them  was  menl  examination  to  determine  their  baselme  visual 
eliminate  in  February  1992,  Howei'er,  the  army  has  status  prior  to  potential  exposure  and  a  termination 
a  medical  surveillance  program  for  laser  wooers,  examination  on  termination  of  employment  or  mili- 
which  employs  Loth  screening  and  diagnostic  exami-  tary  occupational  specialty, 

nation  protocas.  If  at  any  tune  during  employment,  an  individual 

Tlte  oailar  surveillance  examinations  vrithin  the  suspects  that  he  jr  she  has  be^  exposed  to  a  laser 
program  are  divided  into  three  categoriei-  preplace-  beam  in  of  the  ELs,  that  individual  must  be 
ment,  immedidte,  and  termination.  These  examlta-  examined  within  24  hours  of  the  suspected  incident** 

tions  are  based  on  whether  the  individual  is  clawfied  This  aa»n  initiates  a  preliminai)'  investigation  and 

as  an  incidental  or  a  laser  worker.  Incidental  worke-'j  records  the  incident  in  a  registry  of  alleged  laser  over- 

are  employees  whose  work  makes  it  possible,  bvii  exposures, 

unlikely,  that  they  will  be  exposed  to  laser  energy  Two  different  protocols— screening  and  diagnos- 
suffident  to  damage  their  eyes.  For  erample,  opera-  He — are  used  for  ocular  surixilhince  examinations, 
tors  of  fielded  equipment  arc  considered  incidental  The  screening  proloc  I  ir.  fcr  pieplacement  and 
woricers.  Laser  workers  are  employees  who  routinely  termlnationcxaminat.  Mv  ufir.jdentalandlaserwork- 

woric  in  Laser  environments  and  have  a  higltcr  liik  of  ers.  The  diagr.:«tit'  pjot  d»i  used  for  immediate 

acddental  overoqx'si'Te;  for  example,  laser-mainte-  examinations,  ar  d  will  be  performed  by  an  optom- 

nance  woricers  and  research,  development,  test,  and  etrist,  ophthalmolo^,  or  physician  who  possesses 

evaluation  personnel  worit  m  situations  where  ad-  the  necessary  skills.* 

SUMMARY 

EM  radiation  may  be  ionizing  or  nonionizing,  sesses  a  variety  of  physical  characteristics  sudi  as 
Nonionizing  radiation  includes  EM  radiation  with  divergence,  interference,  coherence,  and  polarization, 
wavelengths  greater  than  1  nmand  is  classified  as  IIV  These  characteristics,  together  with  the  media  with 
radiation, visibIelight,IRradiation,inicrowaveradia-  which  it  interacts,  determines  hdw  the  radiation  is 
tion,  and  RF  radiation.  Nonionizing  radiation  pos-  scattered.absorbed,  transmitted,  refracted  or  difiracted. 


Fig.  lS-22.  The  Ballistic/ Laser  Protective  Spectacle.  The 
brown  spectacle  provides  ballistic  and  sun  protection.  The 
dear  specie  provides  ballistic  protecUcm  only.  The  blue- 
green  frontsert  is  a  laser  eye  protector  that  can  Iw  worn  over 
either  spectacle.  Phot‘;^r»ph'  Courtesy  of  the  US  Anny 
Envirnnmenlal  Hygiene  Agency. 
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When  nonionizing  EM  radiation  ts  absoiiied  by  mat¬ 
ter,  either  translational,  vibrational,  rotational,  orelec- 
tronic  energy  inodes  of  constituent  atoms  and  mol¬ 
ecules  are  excited  Excitation  of  translational  modes 
generates  heat.  Excitation  of  electronic  modes  gener¬ 
ates  photochemical  reachons. 

Nonionizing  EM  radiation  can  interact  with  tissue 
in  a  variety  of  ways,  the  most  medically  important 
being  absorption  and  exatation  of  electronic  modes. 
Therefore,  all  direct  biological  effects  from  exposure  to 
nonionizing  radiation  are  thermally  or  photochemi- 
cally  induced.  When  radiation  eneigy  is  absorbed  by 
biological  tissue,  it  can  be  converted  to  heat.  Ifthetotal 
energy  absorption  exceeds  the  capacity  of  the  tissue, 
then  a  thermal  effect  may  be  produced.  Opticatradia* 
tion  effects  occur  to  theeyes  and  theskin.  RF  radiation 
can  affect  all  organs  of  the  body;  however,  the  eyes 
and  skin  are  generally  the  most  sensitive. 

The  direct  biological  effects  of  RF  radiation  expo¬ 
sure  are  dependent  on  the  radiation  frequency  and 
mechanism  of  energy  transfer.  Conduction  of  RF 
energy  requires  physical  contact  with  an  active  RF 
source  and  can  causeanRFshock  or  bum.  AnRFbum 
isgenerally  deeper  than  anordinary  bum.  Coupling  of 
RF  energy  from  an  RF  source  at  the  resonant  fre¬ 
quency  of  the  body  will  increase  the  eneigy  3-  to  5-foId. 
Absorption  is  the  only  mechanism  for  eneigy  transfer 
when  the  recipient  is  at  least  0.2  X  from  the  source.  The 
PELs  for  RF  radiation  are  based  on  limiting  thespedfic 
absorption  rate  to  no  more  than  0.4  W/kg.  The  bio¬ 
logical  effects  from  RF  radiation  absorption  include 
lenticular  cataracts,  erythema,  and  tissue  bums. 

The  direct  biological  effects  of  optical  radiations  are 
frequency  dependent.  In  the  visible  and  IR  regions, 
the  interaction  mechanism  is  primarily  thermal.  In  the 
UV  region,  the  interaction  mechanism  is  predomi¬ 
nantly  photochemical,  although  thermal  injury  is  also 
present.  The  biological  effects  for  mid-  to  far-IR  radia¬ 
tion  are  comeal  bums  and  cataracts.  The  biological 
effects  for  visible  and  near-IR  radiation  are  retinal 
bums  and  degradation  of  color  or  night  vision.  The 
biological  effects  for  UV  radiation  are  photokeratitis, 
cataracts,  and  erythema. 

Lasers  are  a  special  case  of  nonionizing  radiation. 
Lasers  are  highly  collimated,  nionochromatic,  and  in- 
ten.se  sourcesofradiation;thereforetheinjuries  caused 
by  lasers  are  generally  acute,  and  consist  mostly  of 
localized  bums  or  retinal  injuries.  The  mibtary  appli¬ 


cations  of  laser  technology  consist  mainly  of  lasers  for 
targeting  devices;  these  lase.  s  do  not  cause  injury  to 
the  skin  but  can  cause  permanent  retinal  injury  when 
a  soldier  stares  directly  into  the  laser's  beam. 

Indirect  biological  effects  may  folbw  the  use  of 
nonionizing  radiation  sources,  interference  with 
electronic  devices  can  disrupt  the  operation  of  life- 
support  equipment  such  as  pacemakm.  Interference 
can  occur  at  levels  below  the  PEL  for  RF  exposure  of 
humans.  Ancillary sourcesofhealthcffectsassodated 
with  lasers  include  caustic  chemicals,  noise,  airborne 
contaminants,  and  electricity.  Ionizing  radiation, 
such  as  X  rays,  are  also  produced  by  some  RF  and 
optical  sources  where  high-voltage  vacuum  tubes  are 
employed. 

The  military  uses  RF  radiation  for  communication, 
target  detection,  imaging,  electronic  countermea¬ 
sures,  medical  diathermy,  industrial  heating,  and  food 
preparation.  Ground  surveillance  radar  assists  air¬ 
craft  landing  under  adverse  weather  conditions.  Ra¬ 
dios  permit  comitunders  to  direct  their  troops  and 
obtain  information  from  their  troops.  Air-defense 
radars  direct  weapons  to  hostile  targets  and  provide 
early  warning  of  an  attack.  SateUite  communication 
terminals  provide  for  long-range  voice  and  data  trans¬ 
missions  with  greater  speed  and  capaaty  than  radio 
transmissions. 

The  protection  of  army  personnel  from  overexpo- 
suretoncnionizingiadiationisaccomplished  through 
a  comprehensive  Radiation  Protection  Program.  The 
implementation  of  the  program  is  the  respoittibiJity  of 
the  installation  or  activity  commander  to  ensure  the 
safety  and  health  of  his  or  her  personnel.  To  this  end, 
consensus  standards  for  occupational  exposure  to 
nonionizing  radiation  have  be^  developed  and  are 
enforced  throughaimy  regulations.  The  primary  regu¬ 
lation  is  AR  40-5.  Proc^ures  ha  vebeen  established  for 
the  investigation  of  alleged  overexposure  incidents. 

The  incidence  of  accidental  exposure  to  nonioniz¬ 
ing  radiation  in  excess  of  establi^ied  limits  has  been 
rare,  especially  considering  the  number  and  variety  of 
sources  in  use  today  and  the  types  of  enviroiunenls 
where  they  are  used.  The  best  medicine  is  preventive. 
But  in  the  event  of  an  accidental  overexposure,  it  is 
the  responsibility  of  the  attendmg  physician  to  deter¬ 
mine  if  an  injury  has  occurred  and  to  prescribe  a 
treatment.  Aneyecxaminationshouldbeperfonnedas 
a  minimum. 
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INTRODUCTION 

Wilhelm  Roentgen  could  not  have  envisioned  the  However,  many  sources  do  have  the  potential  to  de¬ 
impact  that  his  1895  discovery  of  X  rays  would  have.  hversignificantexposuresandalargenumberof  mili- 

ThaldLscovcry,MarieCurie'sdiscoveTyofradmm,lhe  taiy-  and  civilian  employees  are  routinely  exposed  to 
discovery  and  development  of  atomic  fission  and  fu-  low-level  radiation.  Thus,  occupational  exposure  to 
Sion,  and  other  discoveries  described  in  this  chapter  iomzingradiationinthemilitarydemandsrecognition 
led  to  military  and  civilian  applications  of  ionizing  andattcntion,thFoughstrictadherencctoallaspectsof 
radiation  (Exhibit  16-1).  Withlheseusescametheneed  safety  requirements.  Oearly,exposuresfromanuclear 

for  occupational  health  programs  to  control  expo-  detonation  pose  the  greatest  ionizing  radiation  hazard 

sures.  to  the  soldier.  However,  because  these  effects  are 

Most  militarj’  occupational  exposures  are  nunimal  described  in  Medical  Consequences  of  Nuclear  Waipre, 
due  to  the  safety  ptoc^ures  and  engineering  controls  Part  I,  Volume  2  in  the  Textbook  of  Military  Medicine 

in  place  and  the  nature  of  the  sources  of  the  radiation.  series,  they  will  not  be  discussed  in  detail  liere. 

PROPERTIES  OF  IONIZING  RADIATION 

Radiationiscategorizedaccordmgtoitsoriginsand  cause  biological  damage  if  they  remain  on  exposed 
its  properties.  For  radiation  to  be  considered  wiiiring,  skin  and  if  they  are  deposited  internally.  The  best 
it  must  have  sufficient  energy  to  strip  electrons  from  shields  against  beta  particles  are  plastics,  or  metals 
the  outer  shell  of  neutral  atoms  or  molecules.  This  with  low  atomic  numbers. 

stripping  of  electrons  liberates  free  electrons  and  posi-  Neutrons  have  no  charge.  They  are  produced  in 

five  ions,  which  can  cause  a  biological  effect.  Ionizing  nuclear  reactions  or  are  emitted  by  certain  heavy, 
radiation  can  be  characterized  as  either  particulate  or  artificial  radioisotopes  and  can  travel  up  to  3/X)0  m 
eltxtromagnetic  (EM).  through  air.  Because  neutrons  can  penetrate  tissue 

easily,  exposure  to  external  sources  can  cause  biologi- 
PaitictUate  Radiation  cal  damage  to  deeper  tissues.  The  best  substances  to 

shield  against  neutrons  are  hydrogenous  materials 
Particulate  radiation  is  compc«ed  of  alpha  particles,  such  as  water,  paraffin,  and  concrete, 

beta  particles,  and  neutrons.  Alpha  particles,  which 

are  equivalent  to  helium  nuclei,  are  heavy  and  have  a  Electromagnetic  Radiation 

double  positive  charge.  They  are  emitted  from  nuclei 

of  heavy  radioisotopes  and  can  travel  up  to  10  cm  Gamma  rays  and  X  rays  are  types  of  EM  ionizing 
through  air.  and  up  to  0.1  mm  through  tissue.  Because  radiation,  but  they  differ  in  their  origins:  the  nuclei  of 

alpha  particles  arc  easy  to  shield  against  and  cannot  most  radioisotopes  emit  gamma  rays,  whereas  the 

penetrate  the  outer  layers  of  skin,  exposure  from  exter-  orbital  shells  of  virtually  all  radioisotopes  emit  X  rays, 

nal  sources  causes  little  biological  damage.  However,  X  rays  can  also  be  mai^ine  produced.  Both  gamma 

alpha  particles  that  are  deposited  internally  can  cause  and  X  rays  can  travel  up  to  3,(X)0  m  through  air. 

corvsidcrable  biological  damage.  Typically,  gamma  and  X  rays  can  penetrate  tissue 

Beta  particles  are  equivalent  to  electrons:  they  easily,  but  their  range  through  tissue  depends  on  their 

weigh  far  less  than  alpha  particles  and  haveasingte  energy.  Gamma  and  X  rays  can  cause  biological  dam- 

negative  charge  (or,  in  the  case  of  positrons,  a  single  age  from  external  exposure  or  Internal  deposition  of 

positive  charge).  They  are  emitted  from  the  nuclei  of  emitting  radioisotopes.  The  best  shields  against  these 

radioisotopes,  and  can  travel  up  to  10  m  through  air  radioisotopes  are  heavy,  dense  metals  sudi  as  lead, 

and  up  to  8  mm  through  tissue.  Beta  particles  can  steel  and  depleted  uranium. 

DISCOVERY  AND  APPUCATIONS  OF  X  RAYS 

Roentgen's  discovery  of  X  rays  was  a  culmination  of  fluorescing  on  a  table  some  distance  from  the  cathode 

the  research  of  scientists  su^  as  Wilhelm  Hittorf,  ray  tube  with  which  he  was  working.*-*  This  occur- 

WllliamCrookes,  Heinrich  Hertz,  and  Philipp  Lenard.  renccstimulatcd  his  interest,  and  he  worked  feverishly 

Roentgen's  discovery  was  sparked  on  8  November  over  the  next  few  days  to  comprehend  and  document 

1895  when  he  saw  the  barium  plafincKyanide  screen  theobservedphenomenoa  By  turning  the  current  on 
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EXHIBIT  IM 

KEY  DEVELOPMENTS  IN  ATOMIC  HSSION 


Year  Development 


1897  J.J  Thomsonidentifiedtheelectron.EmestRutherfordidentifiedalphaandbetaraysenunatingfromuraniuin 
and  later  correctly  identified  them  as  helium  nuclei  and  electrons,  respectively. 

1898  Villaid  recognized  gamma  rays  and  observed  their  similarities  to  the  roentgen  ray. 

1905  Albert  Einstein  proposed  his  famous  equation,  E=m<r,  stating  the  rebtionship  of  energy  to  mass. 

1910  F.  Soddy  suggested  an  explaiution  for  atoms  with  slightly  different  weights,  but  identical  chemical  properties, 
and  called  them  isotopes. 

1911  Rutherford  proposed  the  atomic  theory  uith  a  dbtnbution  of  mass  and  charge  that  is  essentially  the  one  that 
we  accept  today. 

1913  Niels  Bchr  suggested  an  atomic  structure  involvii^  a  central  nucleus  with  orbital  electrons  in  layers  around  it 

1919  Rutherford  bombarded  mtrogen  atoms  with  alpha  particles  and  observed  the  production  of  hydrogen  and 
oirygen.  This  milestone  was  the  first  controlled  experim«it  in  which  one  element  was  artificially  transformed 
into  another. 

1931  Ernest  LavsTence  ins-ented  the  cyclotron,  a  chamber  in  whkh  it  is  possible  to  accelerate  particles  to  immense 
speeds  for  use  as  projectiles. 

1932  James  Chadwick  of  Cambridge  University  recognized  the  neutron. 

1934  Enrico  Fermi  first  split  an  atom  of  uranium  by  neutron  bombardment  Use  Meitner,  a  German  physicist 
explained  the  process  and  termed  it  fhsion;  it  was  quickly  realized  that  large  amounts  of  energy  were  released 
in  this  process. 

1939  Fermi  approached  the  U5.  Navy  Department  about  the  prospects  for  an  atomic  weapon,  and  expressed  his  fear 
that  Germany  would  produce  and  use  such  a  weapon.  The  importance  and  pon-er  of  atonw  fission  was  clear 
to  many  scientists.  Some  also  foresaw  and  were  frightened  by  the  implications  of  its  use  as  a  weapon.  A  letter, 
drafted  by  Leo  Szilard  and  signed  by  Einstein,  was  forwarded  to  President  Franklin  D.  Roosevelt,  and 
Roosevelt  started  the  process  that  would  result  in  the  development  of  the  atomic  bomb. 

1940  D  W  Keist  constructed  a  betatron,  in  which  electrons  were  accelerated  to  energies  of  20  million  electron  volts 
(MeV),  and  later  to  300  MeV,  by  magnetic  induction. 

1941  The  Manhattan  Project  begaru  consolidating  the  fragmented  efforts  at  atomic  weapons  development.  Brigadier 
General  Lesbe  Groves  (a  civil  engineer)  was  appointed  as  the  project's  director,  and  J.  Robert  Oppenhcimer  (a 
physics  professor  at  the  University  of  California,  Berkeley)  was  selected  as  the  sdenlific  director. 

1942  On  2  December  Fermi  successfully  initiated  the  first  self-sustaining  nuclear  chain  reaction  in  a  uranium  at 

the  University  of  Chicago. 

1943  On  16  July  the  fiist  atomic  bomb  (a  plutonJum-fuded  implosion  device)  was  detonated  in  New  Mexico.  On  6 
August  an  etomic  bomb  (e  gqn-assembly.  uranhim-fuekd  device  code-named  Little  Bey)  was  dropped  on 
Hiroshima,  Japan.  On  1 1  Augist  a  second  atomic  bombfa  plutonhim-fuelcd  implosion  devkecode-rumed  Fat 
Man)  was  dropped  on  Nagasaki,  Japan. 

Source:  Dewing  SB  Al«imiit<iiwicg(yri;H»ror>odPmpn'fnv.Spnngfield,  111:  Charles  C  Thomas:  1962. 
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and  off,  Roentgen  observed  that  the  fluorescence  was 
related  to  discharge  within  the  tube.  Roentgen  con¬ 
cluded  that  he  had  found  a  new  phenomenon,  which 
emanated  from  the  tube. 

In  testing  this  phenomenon's  ability  to  penetrate 
various  materials,  Roentgen  was  startled  to  see  the 
image  of  the  bones  of  his  own  hand  on  a  photographic 
plate.  After  this  discovery,  Roentgen  observed  and 
recorded  thedifferentialdevelopment  of  photographic 
plates  using  materials  of  various  densities.  He  even 
produced  an  imageof  his  wire's  hand  with  a  1  S-minute 
exposure.^  To  document  the  findings  of  these  experi¬ 
ments,  Roentgen  wrote  a  paper  describing  the  rays' 
means  of  production  and  their  important  properties. 
InDccember  1895,  hesubmitted  it,  entitled  A  New  Kind 
»i/Rflys,totheWur7burgPhysical*MedicalSociety.  On 
6  January  1896  Roentgen's  discovery  was  announced 
to  the  worid,creating  an  immediate  stir  in  the  scientific 
community.*  Others  apparently  had  observed  the 
photographic  effects  of  X  rays  but  had  failed  to  recog¬ 
nize  the  significance  of  the  phenomenon. 

Medical  Uses 

The  medical  community  in  general,  and  the  U5. 
Army  in  particular,  were  quick  to  embrace  the  new 
technology  that  followed  the  discovery  of  X  rays. 


Within  a  year,  several  examples  of  the  use  of  X  rays  for 
diagnoses  were  available. 

The  army  attempted  to  experiment  with  X  rays 
within  3  months  of  Roentgen's  discovery  when  the 
curator  of  the  Army  Medical  Museum,  Major  Walter 
Reed,  applied  to  The  U5  Army  Surgeon  General  for 
authority  to  obtain  a  roentgen-ray  apparatus.  Al¬ 
though  Surgeon  General  George  Sternberg  initially 
denied  Reed's  request,  there  is  evidence  that  the  mu¬ 
seum  possessed  a  roentgen-ray  apparatus  by  June 
18%.  AdmissionrecordsofGarfield  Hospital  in  Wash¬ 
ington,  D  C.,  show  that  a  17-year-old  female  patient 
was  admitted  with  a  penetrating  gunshot  wound  to 
the  hip,  which  had  b^  inflicted  when  her  brother 
accidentally  discharged  a  22-C3liber  weapon.  Dr. 
Joseph  S.  Wall  accompanied  the  patient  in  a  horse- 
drawn  ambulance  to  the  Army  Medical  Museum, 
where  Dr.  WiUiam  Gray  could  assist  in  identifying  the 
bullet's  exact  location  with  a  Roentgen  tube  (Hgure 
16-1).  The  patient  was  exposed  to  X  rays  for  1  hour 
before  a  roentgenogram  showing  the  bullet's  location 
could  be  obtained .  After  this  examinafion,  the  patient 
was  returned  to  Garfield  Hospital,  where  the  bullet 
was  successfully  removed.* 

Although  the  army  began  experimenting  with  X 
rays  soon  after  their  discovery,  other  countries  had 
actually  employed  them  in  treating  military  casualties 


Rg.  16-1  A  roentgen-ray  tube  similar  to  the  one  possessed  by  the  U5.  Army  Medical  Museum  that  was  used  to  locatea  bullet 
lodged  in  a  patient  in  18%  Crude  tubes  of  this  type  were  the  first  X-ray  machines  used  by  the  US.  Army.  Sourer.  Henry  RS. 
The  Armed  Forces  Instiluteof  Pathdogy,  Us  First  Century  1862-1962  Washington.  DC;  Office  of  The  Surgeon  General,  DA,  1964. 
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early  roentgenograms  may  leave  much  to  be  desired 
by  today's  standards,  they  were,  in  fact,  remaricable  for 
their  clanty  and  utility  (Rgure  16-3). 

By  the  time  the  United  States  entered  World  War  I, 
radiology  was  becoming  established  as  a  medical  dis¬ 
cipline.  However,  the  use  of  X  rays  was  limited  be¬ 
cause  the  equipment  and  supplies  were  unsuited  to 
mass  use  and  too  few  radiologists  were  available.  In 
fact,  in  April  the  U5.  Army  had  only  one  radiolo¬ 

gist:  Colonel  Philip  Huntington.* 

While  no  real  distinction  existed  between  military 
and  civilian  medical  applications  of  roentgenology, 
the  military's  differing  circumstances  required  spe¬ 
cialized  apparatus.  Fbrexample,portableand  bedside 
X-ray  units,  not  used  in  the  civnlian  sector,  were  tai¬ 
lored  to  military  needs  (figure  16-4).  The  army  also 
recognized  that  X-ray  capabilities  were  necessary  in 
mobile  hospitak  and  surgical  units,  and  therefore 
modified  a  standard  army  ambulance  to  house  a  field- 


portable  X-ray  apparatus  and  one  bedside  unit.  In 
May  1918  the  first  X-ray  ambulance  was  tested  and 
found  to  be  successful 

On  25  November  of  that  same  year,  thearmy  refined 
its  methods  for  using  X  rays  and  published  the  United 
Stales  Army  X-ray  Manual  under  the  direction  of  the 
Division  of  Roentgenology  of  the  Office  of  The  Sur¬ 
geon  General*  This  manual  served  as  a  guide  and 
textbook,  for  military  roentgenologists.  By  the  end  of 
World  War  I,  the  United  States  had  shipped  150  com¬ 
plete  base  hospital  X-ray  units,  250  bedside  X-ray 
units,  264  portable  X-ray  units,and  55  X-ray-<quipped 
ambulances  overseas.^ 

Radiology  as  a  specialty  made  tremendous  strides 
during  the  interval  between  World  War  I  and  World 
War  II:  equipment  was  improved,  radiologists  were 
formally  trained,  and  radiological  technologies  were 
developed  and  clinically  applied.  By  the  onset  of 
World  War  II,  the  use  of  X-ray  technology  was  well 


Rg.  16-3.  This  famous  radiograph  of  the  hand  of 
Prescott  Hall  Butler  showing  multiple,  retained 
shot  was  made  by  Michael  1.  Pupin  in  New  York 
City,  probably  on  1 4  February  1 896.  It  was  "the  fust 
roentgen  plate  to  guide  a  surgical  operation  in  New 
York...|aRd!is  the  best  of  allearly  roentgen  prints  as 
far  as  technical  quality  (and  b^e  detail)  is  con¬ 
cerned  which  is  quite  unusual  when  one  considers 
the  fact  that  the  X  rays  were  produced  in  the  glass  of 
the  tube,  and  were  in  nc  way  focused."  Reprinted 
from  Cngg  ERN.  The  Trail  of  the  Invisible  Light:  From 
X-Strahicn  to  RadidbioHo^.  Springfield,  nt  Charles 
C  Thomas,  1965;  312. 
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early  roentgenograms  nuy  leave  much  to  be  desired 
by  toda/s  standards,  they  were,  in  fact,  remaricable  for 
their  clanty  and  utility  (Rgure  16*3). 

By  the  time  the  United  States  entered  World  War  I, 
radiology  was  becoming  established  as  a  medical  dis- 
cipline.  However,  the  use  of  X  rays  was  limited  be¬ 
cause  the  equipment  and  supplies  were  unsuited  to 
mass  use  and  too  few  radiologists  were  available.  In 
fact,  in  April  1  ‘Jl?  the  U5.  Army  had  only  one  radiolo¬ 
gist:  Colonel  Philip  Huntmgton.^ 

While  no  real  distinction  existed  between  military 
and  civilian  medical  appheadons  of  roentgenology, 
the  military's  differing  circumstances  required  spe¬ 
cialized  apparatus.  Fbrexample.portableand  bedside 
X-ray  units,  not  used  in  the  civilian  sector,  were  tai¬ 
lored  to  military  needs  (Figure  16-4).  The  army  also 
recognized  that  X-ray  capabilities  were  necessary  in 
mobile  hospitals  and  surgical  units,  and  therefore 
modifled  a  standard  army  ambulance  to  house  a  field- 


portable  X-ray  apparatus  and  one  bedside  unit.  In 
May  1918  the  first  X-ray  ambulance  was  tested  and 
found  to  be  successful 

On  25  November  of  that  same  year,  thearmy  refined 
its  methods  for  using  X  rays  and  published  the  United 
Stales  Army  X-ray  f^nual  under  the  direction  of  the 
Division  of  Roentgenology  of  the  Office  of  The  Sur¬ 
geon  General*  This  manual  served  as  a  guide  and 
textbook  for  military  roentgenologists.  By  the  end  of 
World  War  I,  the  United  States  had  shipped  150  com¬ 
plete  base  hospital  X-ray  units,  250  b^ide  X-ray 
units,  264  portable  X-ray  units,  and  55  X-ray-equipped 
ambulances  overseas.^ 

Radiology  as  a  specialty  made  tremendous  strides 
during  the  interval  between  World  War  I  and  World 
War  II:  equipment  was  improved,  radiologists  were 
formally  trained,  and  radiological  technologies  were 
developed  and  clinically  applied.  By  the  onset  of 
World  War  II,  the  use  of  X-ray  technology  was  well 


Fig.  16-3.  This  famous  radiograph  of  the  hand  of 
Prescott  Hall  Butter  showing  multiple,  retained 
shot  was  made  by  Michael  I.  Pupin  in  New  York 
City,  probably  on  1 4  February  1  S9(k  It  was  "the  first 
roentgen  plate  to guidea  surgical  operation  in  New 
YoTk...|arid!is  the  bestofallearly  roentgen  prints  as 
far  as  technical  quality  (and  bone  detail)  is  con¬ 
cerned  which  is  quite  unusual  when  one  considers 
the  fact  lha  t  the  X  rays  were  prod  uced  in  the  glass  of 
the  tube,  and  were  in  nc  way  focused."  Reprinted 
from  Gngg  ERN.  The  Trail  of  the  invisible  Light:  From 
X'SirahIcn  to  Radtodnoilogy.  Springfield,  HI  Charles 
C  Thomas,  1965;  312. 


586 


htiiziiig  Radtatum 


Fig.  IM.  The  Waifc  and  Bartlett  Army  bedside  unit,  sho\s-n  at  the  base  hospital  in  Grand  B'otfereaux  in  1915,  was  the  first 
stock  X-ray  equipment  that  used  a  Coolidge  hoKathode  tube.  The  examiner  looked  into  a  rryptnscopr,  the  hand-held 
fluofoscope  Source  R'IdmanA  Asketchofthetechnicalhistoryofradiology froml8%tol920.Rii<firGrtfp/m-<.19S9,'9(6)  1113- 
1128  I’hotograph  Courtesy  of  Arnold  Feldman,  Methodist  Medical  Center,  Peona,  111 


established  as  a  d  lagnostic  and  thcra  pout ic  tool.  Radi¬ 
ology  as  a  rccogniztxl  medical  speaalty  was  an  inte¬ 
gral  part  of  every  hospital,  and  radiology  teams  were 
part  of  auxiliary  surgical  groups  that  performed  front¬ 
line  surgery. 

Providing  radiological  services  was  not  effortless, 
however.  <^cc  basic  equipment  was  supplied,  radi¬ 
ologists  and  technicians  had  to  maintain  it,  often  with 
great  difficulty  and  improvisation.  Battlefield  needs 
sparked  further  developments  in  mobileand  portable 
X-ray  systems  such  as  the  U5.  Army  Reid  X-rcy  unit, 
which  was  widely  used  bolh  at  tront-  and  rear-echelon 
military  medical  facilities  (Rgurc  16-5)  *  Despite  the 
advarices  in  radiology  and  training  techniques,  radi¬ 
ologists  were  constantly  in  short  supply  during  World 
War  II  Inan  effort  to  meet  radiological  needs,  training 
courses  were  provnded  for  med  ical  officers  and  techni- 
cians  at  institutions  such  as  the  U5  Army  School  of 
Roentgenology.' 

The  importance  of  radiology  during  World  War  II 
was  also  reflected  in  the  structure  of  the  LI5  Army 
Surgeon  General's  Office.  The  Radiation  Branch,  later 
renamed  Radiology,  xvas  established  on  12  July  1942 
underthedirectionof  Major  Michael  E.  DeBakey.  This 


branch,  a  part  of  the  Surgery  Division,  la  ter  became  the 
Surgical  Consultants  Division.' 

Great  advances  in  radiological  technology  were 
madebeginning  in  the  1950s,  partly  resulting  from  the 
military  uses  of  radiology  during  World  War  II.  Dur¬ 
ing  the  Korean  and  Vietnam  Wars,  X  rays  were  used 
extensively  in  the  diagnosis  and  treatment  of  casual¬ 
ties  (Rgurc  16-6). 

Also  during  the  1950s  and  1960s,  A.M  Cormack,a 
South  African,  did  the  original  work  on  projection 
imaging  that  set  the  stage  for  computed  tomography 
(CT).  However,  the  evolution  of  that  technology  from 
experimental  curiosity  to  clinical  reality  was  largely 
due  to  the  efforts  of  English  engineer  Godfrey 
Hounsfield.* 

CTwasintroduccd  into  medical  practice  inthcearly 
1970s  This  technology  made  cross-sectional  imaging 
wnth  X  rays  possible,  which  greatly  enhanced  the 
physician's  ability  to  sec  abnormalities  in  a  variety  of 
anatomical  structures.  Vast  technological  improve¬ 
ments  have  been  made  in  CT  technology  since  the 
Hounsfield  scanners  were  introduced  \Vithin  only  4 
years,  major  improx-ements  (four  generations)  of  the 
CT  scanner  decreased  minimum  scanning  times  from 
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Fig.  1(^5.  A  portable  Held  X>ray  unit  in 
action  in  World  War  I!.  The  unit  shorni 
was  developed  by  the  Picker  Onpora* 
don,  which  became  the  sole  supplier  of 
the  US.  Army  Held  X>Ray  unit  during 
World  War  II.  Sourer.  Krohmer  JS.  Ra¬ 
diography  and  fluoroscopy  1920-1989. 
RadioGraphicsl969;9(6):1129-1153.Pho- 
tograph:  Courtesy  cf  Jade  S  Krohmer, 
PhD,  Georgetown,  Tex. 


Fig.  164.  The  X-ray  section  of  a  forward  surgical  hospital  during  the  Korean  War.  The  advaiKCS  in  X-ray  technology  and 
techniques  that  had  been  developed  since  World  War  11  permitted  fieki  hospitals  to  practice  quality  imaging  in  their 
treatment  of  battlefldd  casualties.  Sourer  Howard  JM,  ed.  The  battle  wound;  Clinica!  experiences,  tn:  Battle  Q^ulties  in 
Korea.  Studies  of  the  Surjpeat  Research  Team.  Vd  3.  Washington,  DC:  Army  Medical  Service  Graduate  School,  Walter  Reed 
Army  Medical  Center;  1955. 
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5  minutes  to  5  se  . Js;  during  the  next  2  years,  the 
minimum  scanning  times  were  reduced  to  2  seconds  ’ 
Advances  and  refinements  continue  to  achieve  en¬ 
hanced  imaging  and  resolution  and  to  further  reduce 
scan  times  to  milliseconds.  Qinical  medicine  has 
benefited  from  cross-sectional  imaging,  and  the  field 
of  radiology  continues  to  evolve  as  medicinead  vances 
with  the  computer  era  Current  approaches  being 
explored  employ  radiation  sources  at  wavelengths  not 
now  used  for  imaging. 

Parallel  to  their  diagnostic  uses,  the  therapeutic 
uses  of  X  rays  date  back  to  29  January  1 8%,  when  Emil 
H.  Grubbe  reported  that  he,  in  collaboration  with  Dr. 
R.  Ludlum  in  Chicago,  had  treated  a  carcinoma  of  the 
breast  with  18  X-ray  treatments.’'’  During  the  next  few 
years,  therapeutic  X  rays  were  tried  on  conditions 


ranging  from  malignancies  to  excess  facial  hair.  This 
experimentation  resulted  in  many  disappointing  out¬ 
comes  as  well  as  radiation  injuries  However,  the 
number  of  successes  was  sufficient  to  maintain  the 
interest  of  scientists  and  physicians  in  the  therapeutic 
value  of  X  rays,  particularly  with  respect  to  tumors. 

In  the  early  years,  the  efficacy  of  therapeutic  X  rays 
was  limited  by  the  low  kilovoltage  that  the  equipment 
could  achieve,  which  enabled  the  X-ray  beam  to  pen¬ 
etrate  only  shallowly.'®  Thus,  brachylherapy  (ie,  the 
application  of  an  encapsulated  radioactive  source  or 
sources  to  deliver  a  radiation  dose  at  a  distance  not 
greater  than  a  few  centimeters)  using  radium  was 
more  useful  than  external-beam  therapy  (teletherapy) 
until  approximately  1921,  when  higher-energy  exter¬ 
nal-beam  systems  became  available.’®  In  1W7,  the 


Fig.  16-7.  Dr.  Ralph  Phillips  and  a  patient  to 
be  treated  using  the  1  -miIlion-election*voIt 
(MeV)  therapy  installation  at  St.  Bar¬ 
tholomew's  Hospital,  London.  The  unit 
created  high-energy,  penetrating  X  rays 
that  could  be  used  for  treating  cancers  and 
other  tumors  Theimmediatebenefittothe 
patient  of  the  eradication  or  reduction  of 
the  tumor  generally  was  thought  to  out¬ 
weigh  the  risk  of  developing  future  can¬ 
cers  from  the  high  radiabondosedeliveied 
by  such  a  therapy  device.  Source:  Laughlin 
JS.  Radiation  therapy.  RadioGraphics. 
1 989;9{6)‘l 252.  Photograph:  Reprinted  with 
permission  from  Bni  /  Radiology  Bntish 
Institute  of  Radiology,  London,  fogland. 
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earliest  type  of  supervoltage  teletherapy  unit  (Figure 
16-7)  was  used  on  patients.”  This  1 -million-electron- 
volt  (MeV)  unit  was  used  at  St  Bartholomew's  Hospi¬ 
tal  in  London,  England,  under  the  supervision  of  Dr. 
Ralph  Phillips  and  George  Innes. 

The  therapeutic  use  of  X  rays  progressed  when 
high-energy  sources  became  available.  In  1940, 
Donald  W.  Kerst  of  the  University  of  Illinois  devel¬ 
oped  the  betatron  (Figure  16-8),  which  functioned  as 
an  electron  accelerator.  This  first  betatron  operated  at 
2.3  MeV,  the  second  at  20  MeV,  and  the  third  at  3(X) 
MeV.  In  1948,  Kerst  collaborated  with  Dr.  Henry 
(^uastler  at  the  University  of  Illinois  in  the  first  treat¬ 
ment  ofa  tumor  using  these  high-energy  rays.  Local¬ 
ized  irradiation  from  the  betatron  was  administered 
to  a  graduate  student  at  the  university  whose  brain 
tumor  had  been  partially  excised.  The  patient  eventu¬ 
ally  succumbed  to  cancer,  but  theautopsy  revealed  no 
viable  neoplastic  cells  in  the  irradiated  region.”  The 
Allis-Oialmers  Manufacturing  Company  developed  a 
commercial  version  of  the  betatron  in  1948  with  im¬ 
provements  for  medical  use. 


The  development  of  the  linear  accelerator  further 
advanced  the  therapeutic  use  of  X  rays.  Before  and 
during  World  War  11,  oscillator  tubes  capable  of  rela¬ 
tively  high-power  output  at  microwave  frequencies 
were  developed  and  applied  to  radar.”  At  the  end  of 
World  War  11,  the  technology  was  refined  and  applied 
to  the  advancement  of  the  linear  accelerator,  which  has 
become  the  predominant  modality  for  delivering 
modem  radiation  teletherapy  treatment. 

Industrial  Uses 

Industrial  radiography  sprang  from  Roentgen's 
mention  of  the  radiograph  of  a  piece  of  metal  in  his 
1895  paper.  Metallurgists  seiz^  this  concept  as  a 
nondestructive  method  of  examirung  metals.  As  eariy 
as  1896,  the  war  departments  of  Germany,  Austria, 
and  the  United  States  were  using  X  rays  to  examine 
cannons.  Inl922,a2(X}'kV,5-mAindustriaIX-rayunit 
wasassembled  at  the  US.  Army  Arsenal  at  Watertown, 
Massachusetts.^  During  thel94()s,betatrons  were  also 
used  extensively  in  industrial  radiography.  Newtech- 


Fig.  16^  Professor  Donald  Kerst  with  two  of  his  beta  trora  (1940).  A  betatron  b  an  electron  accelerator.  Thesebetatrons  were 
compact  and  able  to  acceleraie  electrons  to  high  energies.  OectroRsthat  reach  sufficiently  high  energies  areable  to  penetrate 
deeply  into  tissue,  therefore,  accelerated  electrons  can  be  used  therapeuttcally.  Additionally,  the  betatron-accelerated 
electrons  sverc  relatively  monoenergetic  and  their  energy  was  easy  to  control  Source;  Laughlin  JS.  Radiation  therapy. 
RadMCrap/ncf  1989,-9(6)1254  Photo^ph:  Courtesy  ofJohnS.Laogh]in.  Medical  Physics  Department  New  York.  NY. 
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nology  and  increased  and  diversified  uses  of  conven¬ 
tional  applications,  such  as  radiography,  have  prolif¬ 
erated  the  industrial  uses  of  machine-produced  ioniz¬ 
ing  radiation. 

Dunng  World  War  11,  General  Electric  Company 
physicist  E.  Dale  Trout  was  assigned  to  work  with  the 
military  on  industrial  radiography.  Trout  assured  the 
quality  of  all  aircraft  templates  for  the  B-17s,  B-24s, 
B-29s,  and  B-50s  with  X  rays.  He  claimed  that  during 
his  work  with  the  military,  every  shell  of  155  mm  or 
larger,  all  aircraft  bearings,  and  all  rocket  propellant 
grains  were  X  rayed,  on  continuously  operating  equip¬ 
ment.  Trout  and  the  military  also  assembled  a  1-MeV 
unit  at  Hayward,  California,  to  radiograph  the  out¬ 
board  struts  on  ships  built  at  Mare  Island  and  at 
Hunter's  Point.'^ 

As  part  of  its  production-line  quality  control,  the 
U.S.  Army  inspects  materiel  by  means  of  radiographic, 
fluoroscopic,  and  continuous  automatic  inspection. 
Radiographic  inspection  to  detect  a  defective  weld 
was  attempted  within  1  year  after  the  discovery  of  X 
rays  However,  industrial  radiography  was  used  very 
little  until  1920  because  neither  the  equipment  nor  the 
film  available  were  suited  for  that  purpose.  Today,  the 
army  has  several  industrial  radiographic  units,  which 
range  in  size  from  the  small  portable  unit  used  to 
inspect  pipeline  welds  to  the  25  MeV  betatron  used  to 
inspect  armor  plate  and  missiles. 

Huoroscopy,  which  produces  X-ray  images  in  real 
time,  lends  itself  to  use  on  conveyor  production  lines 
or  assembly  lines,  and  is  also  used  for  nondestructive, 
noninvasive  inspection  of  packages  and  luggage.  In 
the  past,  fluoroscopic  insp^on  on  production  lines 
was  limited  to  thin,  lightweight  metals  and  nonmetal- 


lic  goods,  but  the  development  of  state-of-the-art  im¬ 
age  intensifiers  permits  inspection  of  heavier  materi¬ 
als.  Continuous  automatic  inspection  uses  devices 
such  as  thickness  and  height-of-fill  gauges.  Thickness 
gauges,  which  automatically  control  the  production 
machinery,  are  used  to  continuously  measure  the  thick¬ 
ness  of  sheet  metal,  glass,  and  rubber  These  measure- 
mentsare  made  by  passing  the  product  between  an  X- 
ray-emitting  tube  and  the  detector.  Height-of-fUl 
gauges  also  operate  by  passing  filled  containers  be¬ 
tween  the  X-ray  tube  and  the  detecting  element. 
Containers  not  filled  to  the  predetermined  level  permit 
more  X  rays  to  pass  through,  which  activates  a  device 
that  automatically  removes  the  underfilled  containers 
from  the  conveyor. 

The  military  and  private  industry  also  employ  ion¬ 
izing  radiation  to  analyze  materials  by  means  of  X-ray 
diffraction  and  X-ray  absorption  photometry.  Because 
crystals  diffract  X  rays  in  a  specific  diffraction  pattern, 
X  rays  permit  qualitative  and  quantitative  analyses  of 
crystalline  materials.  X-ray  ab^rption  photometry  is 
alM  an  analyzing  technique,  but  this  method  utilizes 
the  differences  in  absorphon  of  the  various  elements. 

The  military,  hke  private  industry,  uses  electron- 
beam  generators  to  deliver  massive  doses  of  radiation. 
One  device  for  electron-beam  processing  is  the  Van  de 
Graaff  apparatus,  which  is  an  electron  accelerator. 
Another  is  the  1-  or  2-MV  resonant  transformer  X-ray 
apparatus.  Some  applications  of  electron-beam  pro¬ 
cessing  include  sterilizing  foods  and  drugs,  extermi¬ 
nating  insects  in  seeds,  toughening  polyethylene  con¬ 
tainers  (which  induces  cross-linkage  of  polyethylene 
molecules),  and  activating  chemical  reactions  in  petro¬ 
leum  processing. 


DISCOVERY  AND  USES  OF  RADIOISOTOPES 


In  18%,  Henri  Bocquerel  followed  Wilhelm  Roent¬ 
gen  in  exploring  the  idea  that  naturally  fluorescent 
minerals  might  emit  rays  simitar  to  roentgen  ra>‘s.  On 
1  March  1896,  while  studying  *he  influence  of  light  on 
the  fluorescence  of  uranium  salts,  Becquerel  placed  a 
sample  of  uranium  in  direct  sunlight  to  study  the 
degree  of  development  of  a  shielded  photographic 
plate  he  had  plac^  under  the  sample.  When  the  sky 
became  cloudy,  Becquerel  interrupted  the  test  and  set 
the  cassette  aside.  He  processed  this  cassette  a  few 
days  later  and  found  that  its  emulsion  had  developed 
identically  to  that  from  cassettes  that  had  been  ex¬ 
posed  to  bright  sunlight.  Recognizing  the  importance 
of  his  finding,  Becquerel  announced  to  the  Paris  Acad¬ 
emy  of  Science  in  November  1 8%  tha  l  he  ha  d  d  elected 


the  spontaneous  emission  of  rays.*  The  emanations  of 
uranium  were  initially  named  Becquerel  rays;  how¬ 
ever,  this  discovery  received  surprisingly  little  atten¬ 
tion  until  consequent  work  was  done  by  Marie  and 
Pierre  Curie.  In  fact,  the  Curies  coined  the  term  radia- 
aclivily  to  describe  the  phenomenon. 

Becquerel  conducted  much  work  on  radioactivity 
with  the  Caries  a  fter  Marie  Curie  took  an  avid  interest 
inBecquerersreportin  1897.  Inju'yof  1898,theCuries 
and  B^uerel  positively  identified  a  new  element 
and  named  it  polonium.  In  December  they  identified 
another  and  dubbed  it  radium.  However,  it  was  not 
until  1902  that  they  refined  a  pure  sample,  which 
allowed  them  to  establish  the  atomic  weight  of  radium 
as226.  In  1910,  Marie  Curie  purified  radium  metal  in 
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